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© Three-dimensional laser driven display apparatus. 

© A three-dimensional laser driven display appara- 
tus [10] for the controlled projection and manipula- 
tion of laser generated images toward the creation of 
a three-dimensional display [29]. The apparatus [10] 
comprises an image signal generator [25], raster 
generator [12], laser beam generator [11] and a 
varifocal mirror [13] wherein the image signal gener- 
ator [25] and raster generator [12] spatially encode 
the laser beam image [32]. The laser beam [11] is 
reflected by the raster generator [12] onto the 
varifocal mirror [13], the vibration of which serves to 
spatially decode the laser beam image whereby a 
three-dimensional image [29] is viewable projected 
in space standing off of the surface [15] of the 
varifocal mirror [13]. The interposition of an imaging 
surface [33] between the raster generator [12] and 
^.the varifocal mirror [13] causes the three-dimen- 
^sional display [29] to be viewed directly upon the 
^surface [15] of the vibrating varifocal mirror [13]. 
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THREE-DIMENSIONAL LASER DRIVEN DISPLAY APPARATUS 



BACKGROUND OF THE INVENTION 

The present invention relates to three-dimen- 
sional displays and specifically to a three-dimen- 
sional display system which incorporates a vibrat- 
ing reflective mylar plane upon which is projected a 
spatially encoded laser generated image where the 
vibrating reflective mylar plane serves to decode 
the laser image creating a three-dimensional dis- 
play of that image. 

Over time a number of apparata have been 
addressed to the creation of a three-dimensional 
image upon a two-dimensional plane, such as a 
projection screen or television cathode ray tube. 
Several of the prior art systems have incorporated 
varifocal mirrored surfaces to generate the three- 
dimensional image. The varying focal length of the 
mirror is typically achieved by physically vibrating 
the mirror about the axis perpendicular to the plane 
formed by the mirror. While several of these prior 
art systems have incorporated varifocal mirrors 
composed of a thin reflective mylar film stretched 
over a loudspeaker, the image projected thereon 
has been almost exclusively generated by a con- 
ventional cathode ray tube (CRT). In such devices, 
the image to be viewed in a three-dimensional 
fashion is provided by the cathode ray tube after 
having been generated in a conventional manner. 
The CRT image is then presented to the surface of 
the vibrating mirror such that the reflection of the 
image in the vibrating mirror is constantly swept 
back and forth as the mirror oscillates. The persis- 
tence of vision of the human observer causes the 
discrete images to fuse together, thus creating the 
three-dimensional display. 

Such a system is described in such patents as 
M.C. King, U.S. Pat. No. 3,632,184; M.C. King, U.S. 
Pat. No. 3,632,866; and LD. Sher, U.S. Pat. No. 
4,130,832. Unfortunately however, such prior art 
imaging apparata which rely upon a CRT to 
present the image to the vibrating mirror have 
experienced drawbacks which make such systems 
wholly inadequate in certain applications. The limi- 
tation of such prior art systems stems from the use 
of the CRT to originate and project the desired 
three-dimensional image. It will be recognized by 
those skilled in the art that the image appearing to 
an observer on the surface of the CRT is made 
possible because the phosphor material lining the 
interior of the CRT glows upon being struck by the 
electron beam generated within the tube. It is be- 
cause of the persistence of these phosphors, i.e. 
the lag time during which the phosphor continues 
to glow after the electron beam passes, that the 



observer is able to view the complete image since 
the electron beam is constantly sweeping across 
the CRT striking only a single point at any given 
time. Absent the persistence of the phosphors only 
5 a single point on the CRT would be illuminated at 
any time. Since the time to scan the entire face of 
the CRT exceeds the viewer's persistence of vision 
a poor display would result but for the phosphor 
lag time. It should also be noted that certain high 

10 brightness phosphors may have decay patterns 
which exceed the moment of observation by many 
orders of magnitude. It is this phosphor persistence 
and lag time, which makes such prior art systems 
unsuitable for certain applications as long lag times 

15 may occur when it is essential to erase the image 
being presented. The inherent limitation of such 
prior art systems stemming from the phosphor to 
mirror interface and the associated flouresing lag 
time makes it difficult to instantly erase the image 

20 appearing on the CRT and thus the displayed 
three-dimensional image. While advances have 
been made in the development of "high speed" 
CRTs which minimize the phosphor lag time, while 
still providing sufficient persistence to permit nor- 

25 mal viewing, the flouresing lag time present in such 
"high speed" CRTs is nevertheless still so long as 
to prohibit erasure of the display as desired. In 
addition to the erasure problem, the lag time 
present in the CRT interface seriously limits the 

so resolution of the three-dimensional display pro- 
duced since fewer complete images can be gen- 
erated within a given time period due to the time 
required by the CRT to sweep out a complete 
screen. 

35 It can be seen that the CRT's inability to erase 

the image presentation with sufficient speed may 
make such systems unsuitable for applications 
where the image being viewed changes rapidly and 
the ability to isolate and otherwise view such 

40 change is critical. 

The three-dimensional laser driven display ap- 
paratus disclosed herein has application in many 
areas. For example, the three-dimensional laser 
driven display apparatus may be used in air traffic 

45 control tower settings where the data pertaining to 
an approaching aircraft's glide path and relative 
position coordinates may both be viewed upon a 
single three-dimensional display rather than requir- 
ing the air traffic controller to view two separate 

so radar screen images as is currently the practice. 
The present invention similarly has great useful- 
ness in the area of "head-up" displays, particularly 
in military jet fighters where a three dimensional 
display of a target or an incoming missile and the 
selective display capabilities of the present inven- 
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tion can greatly enhance the fighter and pilot's 
performance. Still further, the ability of the present 
invention to project and display a three-dimensional 
image in space apart from a fixed two-dimensional 
projection screen makes possible the creation of 
decoy objects. Through the present invention for 
example, military hardware or even troops may be 
projected onto a battlefield and viewed as if they 
were actually there when in fact no physical object 
exists. Still further, decoy aircraft could be made to 
appear in flight when none are present. Of signifi- 
cant potential is the ability to operate the data 
acquisition facet of the present invention with an 
infrared laser which can serve, in certain circum- 
stances, to overcome the stealth capability of mod- 
ern military aircraft and ships. The ability to acquire 
image data and display corresponding three-di- 
mensional images has powerful medical applica- 
tions in the area of exploratory medicine. The 
present invention also has application in the field of 
cryptography as a cryptographic generation device 
due to its flexible sophisticated encoding and de- 
coding capabilities. 

Accordingly it is the object of the present in- 
vention to provide a three-dimensional laser driven 
display apparatus which utilizes laser beams as the 
principal image source which is viewed using a 
vibrating mirror structure, thereby eliminating the 
CRTs phosphor dependency and permitting instant 
erasure of the image and observation of minute 
changes therein. 

It is additionally an object of the present inven- 
tion to provide such a three-dimensional system 
where the pulse width of the laser and the spatial 
interactions permit a point to be located on the 
vibrating mirror which is presented in an exact 
phase condition with the image signals driving the 
laser. 

It is a further object of the present invention to 
provide laser beams of different colors where var- 
ious colored laser beams may be combined with 
one another to generate blanking techniques which 
can eliminate or alternatively enhance specific 
characteristics of the three-dimensional presenta- 
tion . 

An additional object of the present invention is 
to provide for the projection of a three-dimensional 
laser driven display offset from the varifocal mirror 
means. 

Yet a further object of the present invention is 
to provide for the viewing of the three-dimensional 
laser driven display directly upon the varifocal mir- 
ror means through the use of an intermediate imag- 
ing surface means. 

It is yet another object of the present invention 
to provide a data acquisition mechanism which 
utilizes fiber optics permitting exploration of cav- 
ities of the human body towards the three-dimen- 



sional viewing thereof. 

It is another object of the present invention to 
provide such a three-dimensional system which 
incorporates a reflective mylar mirror having ferrite 
5 material deposited thereon such that an electron 
beam sweep may produce magnetic attenuation of 
the mirror toward the selective enhancement or 
modification of the three-dimensional image being 
reflected therefrom. 

10 It is yet another object of the present invention 

to provide such a three-dimensional system which 
includes a mylar film having phosphor material 
deposit thereon where such phosphor material is 
sensitive to selective x-ray or ultraviolet light so as 

75 to permit the use of non-visible lasers. 

As a further object of the present invention, an 
imaging surface may be provided to cut the level 
of laser radiation or otherwise non-optically control 
or modify the image to be displayed. 

20 Still another object of the present invention is 

to provide a three-dimensional system incorporat- 
ing a vibrating mirror assembly which includes 
laser detectors to permit the modification or en- 
hancement of the three-dimensional image as a 

25 function of the color, frequency, phase or power of 
the laser image reflecting off of the mylar film. 

It is yet a further object of the present invention 
to provide image enhancement techniques where- 
by various waveforms as well as standing waves 

30 may be generated upon the reflective mylar film to 
alter the spatial characteristics of the three-dimen- 
sional display. 

These and other objects of the invention will 
become apparent in light of the present specifica- 

35 tion and drawings. 



SUMMARY OF THE INVENTION 

40 The present invention comprises a three-di- 

mensional laser driven display apparatus for the 
controlled projection and manipulation of laser gen- 
erated images toward the creation of a three-di- 
mensional display. 

45 Briefly stated, the apparatus comprises an im- 

age signal generation means, a raster generation 
means, laser means and a varifocal mirror means 
wherein the image signal generation means pro- 
duces image control signals which drive the raster 

so generation means causing it to reflect the laser 
projected thereon in a raster scanning pattern. The 
laser image is thereby spatially encoded. The laser 
image is thereafter reflected upon a varifocal mirror 
means which includes a vibrating reflective plate 

55 sweeping out an image space causing the succes- 
sively reflected images to be spatially decoded and 
viewed by an observer as a three-dimensional im- 
age as a result of the viewer's persistence of 
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vision. 

Specifically, an image generation means is pro- 
vided for producing image control signals which 
themselves are a function of the image to be 
ultimately displayed in a three-dimensional fashion. 
This image generation means may comprise a 
plurality of conventional frequency generators 
which serve to generate image control signals de- 
termined by algorithms which implement the three- 
dimensional image encoding. 

Raster generation means are operably and 
electrically connected to the image signal genera- 
tion means. The raster generation means serves to 
cause the laser means which is projected thereon 
to be reflected in a raster-scanned pattern. It is this 
raster pattern which will ultimately determine the 
image to be displayed. In the preferred embodi- 
ment of the invention, the laser means is capable 
of generating coherent visible light or coherent 
invisible light which is projected upon the raster 
generation means and thereby reflected toward the 
formation of the three-dimensional display. It is 
contemplated, and within the scope of this inven- 
tion, that the use of non-visible lasers, such as 
those operating in the X-ray, ultraviolet or infrared 
ranges would be desirable and useful in various 
applications. 

A varifocal mirror means is provided upon 
which the three dimensional display is ultimately 
viewed after the laser beam image reflected by the 
raster generation means is projected upon an im- 
aging surface means interposed between the raster 
generation means and varifocal mirror means. Ab- 
sent the interposition of the imaging surface 
means, the three-dimensional image will be viewed 
standing off of the surface of the mirror. This 
varifocal mirror means includes a reflective plate 
means and a motion control means where the 
reflective plate means is con trollably moved about 
an axis perpendicular to the plate under direction of 
the motion control means. The vibration of the 
reflective plate creates a plurality of reflective sur- 
faces parallel with one another in a region defined 
as an image space. The laser encoded image 
projected on the reflective place thus appears at 
successive image planes corresponding to the po- 
sition of the reflective plate means within the image 
space at each instant in time. The phase relation- 
ship between the encoding of the laser image and 
the movement of the reflective plate from one 
image station to another causes the laser image to 
be spatially decoded. The observer's persistence 
of vision thus causes the successively generated 
image components to fuse together creating the 
three-dimensional display. 

The use of the laser means to provide the 
display image overcomes the limitations encoun- 
tered in imaging apparata which rely upon CRTs to 



present an image to the varifocal mirror. In particu- 
lar, it can be seen that the vibrating mirror results 
in an image space which is composed of discrete 
mirror stations corresponding to each instant in 

5 time. The lag time required by the CRT to erase 
one image and display the next limits the resolution 
which may be achieved since numerous image 
stations are missed while the CRT image is in 
transition. The use of a laser means as the image 

io source permits vastly more image stations of the 
mirror to be accessed since the laser means is 
capable of operating up in the sub-nanosecond, 
picosecond and on up into the femtosecond range. 
Accordingly, many more discrete image compo- 

75 nents may be generated with the use of the laser 
means thus vastly increasing the resolution of the 
display generated. 

Specifically, the pulse width of the laser means 
and the spatial interaction of the laser causes the 

20 image to locate at a point on the vibrating varifocal 
mirror means in an exact phase condition with the 
image control signals used to generate the display. 

In a preferred embodiment of the invention, the 
three-dimensional laser driven display includes a 

25 signal processor means operably and electrically 
connected to the image generation means and to 
the raster generation means. This signal processor 
means serves to electronically amplify and modify 
the image control signals to, in turn, modify the 

30 three dimensional display through the selective en- 
hancement of desired features and/or portions of 
the display as it ultimately appears in a three- 
dimensional manner. 

The preferred embodiment of the invention fur- 

35 ther includes synchronization means which are op- 
erably and electrically connected to the varifocal 
mirror means and to the image signal generation 
means to synchronize the motion of the varifocal 
mirror means with the pulse width of the laser 

40 beam. This synchronization provides for the re- 
moval of unwanted optical aberations and further 
serves to increase the clarity of the three-dimen- 
sional image being observed in the varifocal mirror 
means. 

45 In one embodiment of the invention, the three- 

dimensional laser driven display apparatus includes 
an imaging surface means which is operably posi- 
tioned between the raster generation means and 
the varifocal mirror means such that the spatially 

so encoded laser image which is reflected by the 
raster generation means may be then projected 
upon the imaging surface means, or through the 
imaging surface if translucent. Accordingly, the 
spatially encoded laser image appearing on the 

55 imaging surface means is viewed in the varifocal 
mirror means rather than offset from the surface of 
the varifocal mirror means. This imaging surface 
means additionally serves to non-optically modify 
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the three dimensional image and control the level 
of laser radiation which reaches the display surface 
of the three-dimensional display apparatus. 

In another embodiment of the invention, the 
three-dimensional laser driven display apparatus 
includes data acquisition means operably connect- 
ed to the image signal generation means. The data 
acquisition means serves to transmit to the image 
generation means image data corresponding to the 
image sought to be displayed so that the image 
may be displayed in a three-dimensional manner. 
Image storage means may be provided for mag- 
netically storing the image data gathered by the 
data acquisition means. The image storage means 
is operably and electrically connected to the image 
generation means permitting the retrieval of the 
image signals towards the delayed display of the 
three-dimensional image as would be desirable in 
cryptographic applications. 

In the preferred embodiment of the invention, 
the raster generation means comprises a first ras- 
ter assembly. This assembly includes a first gal- 
vanometer portion and a first mirror portion, the 
first galvanometer portion being operably and elec- 
trically connected to the image signal generation 
means. The laser means is directed toward the first 
mirror portion and reflected to the varifocal mirror 
means. The first galvanometer means serves to 
cause the first mirror portion to move in a first axis 
where this movement is a function of the image 
control signals received. Accordingly, the reflected 
laser image is projected on the varifocal mirror 
means in a raster scanned pattern. 

As the application requires, the preferred em- 
bodiment of the invention may include a second 
raster assembly which includes a second galva- 
nometer portion and a second mirror portion where 
the second galvanometer portion is operably and 
electrically connected to the image signal genera- 
tion means. The second mirror portion serves to 
receive the laser beam image projected from the 
first mirror portion of the first raster assembly, and 
reflects the laser beam image to the varifocal mir- 
ror means. The second galvanometer serves to 
cause the second mirror portion to move in a 
second axis where the movement is similarly a 
function of the image signals. Accordingly, the la- 
ser beam image is reflected about two axes such 
that the reflected image is projected upon the 
varifocal mirror means in a raster scanned pattern 
toward the formation of a complete three-dimen- 
sional image. 

It is contemplated and fully within the scope of 
this invention, that the raster generation means 
may be comprised of rotating reflective prism as- 
semblies, etalons, q-switches, or combinations 
thereof. It is further contemplated that the raster 
generation means may comprise a saturable dye 



matrix which serves to present the laser image to 
the vibrating varifocal mirror means. In yet another 
embodiment of the invention, it is contemplated 
that a fiber optic array capable of projecting the 

5 spatially encoded laser image will be used to direct 
the laser image to the varifocal mirror means. 

In an alternative embodiment of the invention, a 
plurality of colored laser beam emitters and cor- 
responding number of raster generation means are 

ro provided wherein different color combination of la- 
ser beams may be directed upon the varifocal 
mirror means. The use of different colored laser 
beams permits the colored laser beams to be com- 
bined with one another to affect blanking, to, in 

75 turn, enhance or cancel specific characteristics of 
the three-dimensional image being displayed. 

It is additionally within the scope and con- 
templation of this invention that the laser means 
may be modulated to further encode the laser 

20 beam image. Furthermore, additional laser beam 
means may be incorporated into the apparatus 
wherein for example a second laser means of a 
color different than the first laser means may be 
directed upon the second mirror portion of the 

25 second raster assembly towards further modifying 
or enhancing the three dimensional image to be 
displayed. 

It is still further contemplated that a laser gen- 
erated television device may be used as an image 

30 generation mechanism device for presenting the 
image to the varifocal mirror means for decoding 
into a complete three-dimensional display. 

In the preferred embodiment of the invention, 
the varifocal mirror means comprises a reflective 

35 mylar film stretched over an audio loudspeaker. 
The mylar film is accordingly acoustically coupled 
to the loudspeaker such that when the loudspeaker 
is driven the reflective mylar film will vibrate. This 
vibration will deflect the mylar film from its rest 

40 position thereby causing the laser image reflected 
viewed in the mylar film to appear at successive 
image planes corresponding to the position of ttie 
vibrating mylar film at each instant in time. Con- 
sequently, when the encoded image is projected 

45 upon the vibrating mylar film, the vibration decodes 
the laser image reconstructing the spatial informa- 
tion. The persistence of vision of the human ob- 
server causes the successive reflective images to 
fuse together such that the decoded image ap- 

50 pears as a three-dimensional display. It has been 
found that the most advantageous operation of 
loudspeaker is achieved when it is driven in the 
range of 15 to 60 Hertz. It is contemplated however 
that certain applications may require that the loud- 

55 speaker be driven at ultra-low frequencies as well 
as at much higher frequencies. 

It is apparent that the coordination required 
between the operations of encoding of the laser 
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image and decoding the image with a varifocal 
reflective mirror which is necessary to produce a 
three dimensional image results in the present in- 
vention being readily adaptable for use as a cipher 
device. Data may therefore be encrypted, transmit- 
ted and decoded in much the same way as the 
three-dimensional laser beam images are manipu- 
lated as taught herein. 

In one embodiment of the invention, the 
varifocal mirror means includes an enhancement 
means wherein the loud speaker includes ports 
positioned about the periphery of the loudspeaker 
cone to permit certain wavelengths of laser light to 
pass therethrough. Laser detectors are provided for 
positioning behind the loudspeaker, proximate to 
the ports where the laser detectors may serve to 
detect the presence and condition of the laser 
image reflected onto the reflective mylar film. Air 
pressure modules are in turn connected to the 
interior of the loudspeaker such that the air pres- 
sure modules may produce and sustain a variety of 
waveforms as well as a standing wave within the 
loudspeaker cone to selectively enhance and modi- 
fy the laser image as a function of image reflected 
onto the mylar film. A circuit means is provided for 
connection to each of the laser detector means and 
air pressure modules for activating the air pressure 
modules in response to the conditions detected by 
the laser detector means. These air pressure mod- 
ules permit the generation of standing waves within 
the loudspeaker cone which can enhance or modify 
the three-dimensional image independent of any 
variation in the operation of the loudspeaker. 

In another embodiment of the invention the 
laser detector means may be positioned external to 
the varifocal mirror means in front of said reflective 
mylar film and aimed such that the condition of the 
laser beam image may be determined by the re- 
flection off of the film. It is contemplated that the 
laser detector means may comprise line diodes 
which are capable of detecting the presence or 
absence of specific colors to thereby enhance se- 
lected features of the display and alter the spatial 
characteristics of the display. The laser detector 
means thereby feed back their signals to the air 
pressure modules which in turn generate the ap- 
propriate waveform to enhance or otherwise modify 
the three dimensional display as a function of the 
laser beam image reflected by the mylar film. 

The varifocal mirror means, in an alternative 
embodi ment of the invention, comprises a frame 
means upon which the reflective mylar film is 
stretched. An infrared laser source means is posi- 
tioned behind the mylar film whereby the mylar is 
thermally contracted by application of the infrared 
source means. The inherent memory of the mylar 
film serves to cause the film to relax and return to 
its initial shape when the infrared laser source is 



deactivated, as long as the bursts of the infrared 
source means are of proper power and wavelength. 
The pulsed application of the infrared source 
means will serve to cause the mylar film to vibrate 

5 such that the reflection viewed therein will appear 
at successive image plane corresponding to the 
position of the mylar film at each instant in time 
equivalent to the operation loudspeaker embodi- 
ment of the varifocal mirror means. 

w In one embodiment of the varifocal mirror 

means, a ferrite material is operably affixed to the 
back non-reflecting surface of the mylar film by 
vacuum depositing the ferrites thereon. Magnetic 
attenuation of the mylar film may be accomplished 

is by an electron beam sweep of the mylar film which 
will produce dwell periods in the time motion de- 
flection of the mylar film which, in turn, will cause 
manipulation of the image being reflected thereon 
as would be useful in stress simulation applications 

20 as well as in cryptographic applications. It is pre- 
ferred that the electron beam be contained in a 
vacuum or helium gas environment in order that its 
attenuation properties be fully realized. 

In another embodiment of the varifocal mirror, 

25 the reflective mylar film includes phosphor material 
vacuum deposited on the reflected surface on the 
mylar film. This application of phosphor material 
permits the observation of images generated by 
laser beams working beyond the visible light range. 

30 For example, phosphor material which is sensitive 
to x-rays may be deposited on the mylar film 
whereby the non-visible x-ray images may be view- 
ed as a three-dimensional image. Similarly, phos- 
phor material which is sensitive to ultra-violet light 

35 may be deposited on the reflective surface of the 
mylar film whereby the non-visible ultra-violet im- 
ages projected thereon may be reviewed as a 
three-dimensional image. 

In order to further provide for the control and 

40 manipulation of the three-dimensional image, it is 
contemplated that one embodiment of the invention 
may include enhancement control means wherein 
the loudspeaker contains a plurality of ports op- 
erably positioned about the periphery of the loud- 

45 speaker cone. These ports permit certain 
wavelengths of laser light projected upon the mylar 
film to pass therethrough. A plurality of laser detec- 
tors operably positioned behind the loudspeaker 
proximate to the respective ports serve to detect 

so the presence and condition of the laser light reflect- 
ing off of the mylar film. A circuit means is op- 
erably and electrically connected to each of the 
laser detector means and the loudspeaker means 
wherein the circuit means serves to electronically 

55 alter the vibration of the loud speaker to, in turn, 
alter the vibration of the reflective mylar film. 
Through such a configuration, the three-dimension- 
al display may be modified in response to the 
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frequencies, phase and power of the laser image. 
In addition, lens means may be operably posi- 
tioned about each of the ports to enhance the 
detection ability of the laser detector means by 
concentrating or otherwise focusing the laser pass- 
ing through the reflective mylar film. 

In an alternative embodiment of the invention, 
the imaging surface means includes a coating of 
material which is sensitive to the wavelength of the 
laser means utilized therewith, whereby the laser 
image projected thereon may be modified as a 
function of the sensitivity of the material covering 
the imaging surface means. For example, a radi- 
ation absorbent material covering the imaging sur- 
face may serve to reduce the radiation reflected 
and minimize its presence at the ultimate display 
surface, namely, the varifocal mirror means. The 
position and particular angle at which the surface is 
interposed between the raster generation means 
and the mylar film can similarly affect a change in 
size of image or reverse its orientation. The imag- 
ing surface may be composed of a translucent 
material as well as opaque materials. 

In one embodiment of the invention the data 
acquisition means comprises a plurality of fiber 
optic elements capable of being inserted in a cav- 
ity, such as a human body and into a artery, lung 
or other organ. At least one fiber optic element 
directs a laser beam to illuminate the interior of a 
cavity. The high brightness characteristic of the 
laser beam makes such an application possible. At 
least one fiber optic element is provided for con- 
ducting the reflected laser beam to the three-di- 
mensional laser driven display apparatus such that 
a three-dimensional image of the object is dis- 
played. 

In operation, the embodiment of the invention 
which omits the imaging surface means interposed 
between the varifocal mirror means and the raster 
generation means results in producing a three- 
dimensional display which is projected off of the 
surface of the mirror means into space. This is, in 
part, due to the operation of the Tyndall effect 
whereby an image appears in space as a result of 



raster generation means and reflection of the laser 
generated image therefrom onto the varifocal mirror 
wherein the three-dimensional display is viewed 
standing off of the mirror surface; 
5 Fig. 2 of the drawings is a schematic repre- 

sentation of three-dimensional display apparatus 
illustrating the use of an imaging surface to receive 
the laser generated image from the raster genera- 
tion means and the viewing thereof upon the 

io varifocal mirror; 

Fig. 3 of the drawings is a cross-sectional 
view of the varifocal mirror specifically illustrating 
the acoustic coupling of the mylar film to the loud- 
speaker and the generation of successive image 

75 planes formed by deflection of the mylar due to the 
actuation of the loudspeaker; 

Fig. 4 of the drawings is a cross-sectional 
view of the varifocal mirror illustrating the use and 
positioning of laser detectors to detect the laser 

20 and control the loudspeaker in response to the 
properties of the laser; 

Fig. 5 of the drawings is a cross-sectional 
view of the varifocal mirror illustrating the use and 
positioning of air pressure modules to create 

25 waveforms within the loudspeaker cone; 

Fig. 6 of the drawings is a cross-sectional 
view of the mylar film specifically illustrating the 
application of phosphor material to the reflective 
surface of the mylar film and projection of x-ray 

30 images thereon; 

Fig. 7 of the drawings is a cross-sectional 
view of the mylar film specifically illustrating the 
application of ferrite material to the rear facing 
surface of the mylar film and the attenuation of the 

35 mylar film caused by application of an electron 
beam; 

Fig. 8 of the drawings is a schematic repre- 
sentation of a fiber optic assembly specifically 
shown viewing a three-dimensional object located 
40 within a closed cavity; and 

Fig. 9 of the drawings is a cross-sectional 
view of an alternative embodiment of the varifocal 
mirror means. 



DETAILED DESCRIPTION OF THE DRAWINGS 

While this invention is susceptible of embodi- 
ment in many different forms, there is shown in the 
drawings and will herein be described in detail one 
specific embodiment, with the understanding that 
the present disclosure is to be considered as an 
exemplification of the principles of the present in- 
vention and is not intended to limit the invention to 
the embodiment illustrated. 

Fig. I of the drawings is a schematic repre- 
sentation of the preferred embodiment of the three- 
dimensional laser driven display apparatus 10 spe- 



the presence of dust particles in the air, however 45 
small they may be, which reflect light thereby 
making the image visible. The computerized al- 
gorithms and pulse with designations of the laser 
serve to generate an image at the focal station of 
projection. 50 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 of the drawings is a schematic repre- 55 
sentation of the preferred embodiment of the three- 
dimensional laser driven display apparatus specifi- 
cally illustrating the projection of the laser onto the 
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cifically illustrating the projection of the laser 11 
onto the raster generation means 12 and reflection 
of the raster generated image 32 onto the varifocal 
mirror 13. The video acquisition module 24 is 
shown connected to the data storage module 23 as 
well as the image signal generation module 25 as 
the image generation may be derived from data 
previously stored in the storage module 23, or 
alternatively may be performed simultaneously with 
the acquisition of the data utilized to generate the 
three-dimensional image 29. The image signal gen- 
eration module 25 is shown connected to the frame 
grabbing module 26. Tfie frame grabbing module 
26 may be employed to "grab" a single image 
from the successively generated images produced 
by the image signal generator 25 for further pro- 
cessing and viewing thereof. The frame grabbing 
module 26 is shown connected to the signal pro- 
cessor module 27. The signal processor module 27 
includes amplifier devices to attenuate the signal 
as required. The signal processor is shown con- 
nected to raster assemblies 18 and 21. Raster 
assemblies 1 8 and 21 are shown comprising mirror 
portions 17 and 19 and galvanometer portions 16 
and 20 where mirror portions 17 and 19 serve to 
reflect the laser image projected thereon and gal- 
vanometer portions 16 and 20 serve to move mirror 
portions 17 and 19 in response to signals received 
from the image signal generator 25. Specifically, 
the first raster assembly 18 is shown comprising 
first mirror portion 17 and a first galvanometer 
portion 16. The laser 11 is shown projecting its 
beam 30 upon the first mirror portion 1 7 of the first 
raster assembly 18. This laser image 30 is then 
reflected by the first mirror portion 17 of the first 
raster assembly 18 onto the second mirror portion 
19 of the second raster assembly 21. It can be 
seen that that motion of the first mirror portion 17 
causes the laser image 31 to be distributed about 
the surface of the second mirror portion 19 of the 
second raster assembly 21. The second raster 
assembly 21 is shown reflecting the laser image 32 
onto the varifocal mirror 1 3. The first raster assem- 
bly 18 moves about a first axis while the second 
raster assembly 21 moves about a second axis 
such that the laser generated image 32 which 
ultimately reflected upon the varifocal mirror 13 is 
generated via the raster-scanned pattern. The 
varifocal mirror 13 comprises a mylar film 15 
stretched about a loudspeaker cone (not shown) 
contained within cabinet 14. The loudspeaker is 
driven by the synchronization module 22 which 
actuates the vibration of the mylar film 15 and 
synchronizes the vibrations to preserve the phase 
relationship between the vibrating reflective mylar 
surface 15 and the laser image 32 being projected 
thereon. Sychronization module 22 is shown elec- 
trically connected to image signal generation mod- 



ule 25 from which phase information is acquired. In 
the embodiment illustrated, the three-dimensional 
image 29 is projected by the reflective mylar film 
15 wherein the image 29 is viewed standing off of 

5 the surface of mylar 15. Additionally illustrated in 
Fig. 1 is an alternative embodiment of the invention 
which incorporates a second laser means 11a pro- 
jecting its beam 30a upon raster assembly 21. This 
laser means 11a may be of a color different from 

w laser means 1 1 to thereby effect blanking. 

Fig. 2 of the drawings illustrates the use of an 
imaging surface 33 to modify the laser generated 
image and ultimately the three-dimensional display 
29. The imaging surface 33 is shown interposed 

75 between the second raster assembly 21 and the 
varifocal mirror 13. In operation, the laser is re- 
flected off of the first raster assembly 18 and then 
the second raster assembly 21 after which the 
laser image strikes the imaging surface 33. The 

20 varifocal mirror 13 is then positioned such that the 
imaging surface 33 may be viewed thereon. This 
imaging surface may thus serve to non-optically 
modify the laser generated image as a function of 
the coatings applied to the surface 33. It is con- 

25 templated that various laser absorbing compounds 
33a may be applied to the surface to reduce the 
amount of laser radiation which reaches the 
varifocal mirror 13 or imaging surface 33. It can be 
seen that the physical orientation of the laser 11, 

30 first and second raster assemblies 1 8 and 21 imag- 
ing surface 33 and varifocal mirror 1 3 may serve to 
non-optically affect the size of the laser image 
ultimately projected upon the varifocal mirror 13 or 
even completely reverse that image. In this em- 

35 bodiment, the addition of the imaging surface 33 
results in the three-dimensional image 29 being 
viewed by the observer directly on the reflective 
mylar film 15 rather than offset therefrom. 

A cross-sectional view of the varifocal mirror 

40 assembly 13 is illustrated in Fig. 3. The mylar film 
15 having a reflective surface 34 is shown 
stretched across the opening of a conventional 
loudspeaker cone 35. Accordingly, the reflective 
mylar film 15 is acoustically coupled to the loud- 

45 speaker cone 35 such that vibrations of the coil 36 
and generations of pressure waves 37 within the 
cone 35 will serve to cause the reflective mylar film 
15 to vibrate from its stationery rest position 38 
such that the reflective mylar surface 15 alternates 

so between a convex and concave orientation and 
thus is in a different lateral position 39 at any 
moment in time. The synchronization control de- 
vice 22 is shown electrically connected to the loud- 
speaker coil 36, for controlling the vibration of the 

55 reflective mylar surface 15 and providing phase 
control over the three dimensional display, the 
phase information being derived from the image 
signal generation module 25. 
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Fig. 4 of the drawings illustrates a cross-sec- 
tional view of the varifocal mirror 13, of Fig. 1, 
specifically illustrating the inclusion of laser detec- 
tors 40. The loudspeaker cone 35 is shown having 
ports 41 formed therein providing access to the 
interior of the speaker cone 35. Laser detectors 40 
are shown positioned proximate to the respective 
ports 41. These laser detectors 40 are capable of 
detecting the phase, frequency and power of the 
wavelength of the laser penetrating the mylar film 
15. The laser detectors 40 are shown connected to 
a control circuit 42 which itself is connected to the 
synchronization control device 22. Accordingly, the 
vibration of the speaker cone 35, and hence the 
deflection of the reflective mylar film 15 may be 
varied as a function of the properties of the laser 
image striking the mylar film 15. It is contemplated 
that the ports 41 themselves will be sealed with a 
material which permits the penetration of the laser 
light while maintaining the integrity of the loud- 
speaker cone 35 so as to preserve the acoustic 
coupling. A lens device 43 is shown installed in a 
port. This lens device 43 may serve to concentrate 
or otherwise focus the laser image to the laser 
detector 40 to enhance or otherwise control the 
detector's 40 efficiency. An alternative placement 
of the laser detectors is illustrated by laser detector 
40a which is shown positioned in front of the reflec- 
tive mylar film 15 where it may receive the reflec- 
tive image and transmit signals to control circuit 42 
as a function of the image. 

Fig. 5 of the drawings is a cross-sectional view 
of another embodiment of the varifocal mirror 13 of 
Fig. 1. Air pressure modules 44 are illustrated 
connected to the interior of loudspeaker 35. Air 
pressure modules 44 are activated by circuit 42 
which is connected to laser detectors 40, not 
shown. Accordingly, the activation of air pressure 
modules 44 serve to create waveforms as well as 
standing waves within the interior of loudspeaker 
cone 35 to further alter the image reflecting off of 
mylar 15 independent of the vibration of the mylar 
1 5 caused by coil 36. 

Fig. 6 of the drawings is a cross-sectional view 
of the mylar film 15. A phosphor material 45, is 
shown applied to the reflective surface 34 of the 
mylar film 15. It is contemplated that this phosphor 
material 45 will be of the type sensitive to non- 
visible radiation, such as x-ray or ultraviolet light 
emissions 57 generated by laser source 58. Ac- 
cordingly, the use of laser 58 operating the x-ray or 
ultraviolet spectrum may be utilized as the phos- 
phor 45 coated mylar film 15 will cause the non- 
visible laser generated images to be observable by 
the human eye. 

A further attenuation scheme is shown in Fig. 
7. Specifically a ferrite material 46 is shown op- 
erably affixed to the rear facing surface of the 



mylar film 15. An electron beam generator device 
47 is shown scanning a portion of the mylar film 
15. The electron beam 48 striking the ferrite ma- 
terial 46 will cause magnetic attenuation there- 

5 -between such that selected portions 49 of the 
mylar film 15 may be attenuated so as to modify 
select portions of the three-dimensional display as 
will be useful in the simulation of, for example, 
stress forces upon an object. 

io Fig. 8 of the drawings is a schematic repre- 

sentation of a data acquisition system 24 incor- 
porating fiber optics 50. Specifically, the fiber optic 
pair 50 is shown inserted into a closed cavity 53 in 
which is located a three-dimensional object 54 to 

15 be viewed. The first fiber optic 51 serves to trans- 
mit a laser beam 55 having the desired level of 
brightness necessary to illuminate the interior of 
the cavity 53. The second fiber optic 52 serves to 
conduct the laser image 56 as it is reflected off of 

20 the three-dimensional object back to a processor 
module 59 which serves to convert the laser light 
image to an electrical signal. This processor mod- 
ule 59 is shown connected to the storage module 
23 as well as the image signal (encoder) module 

25 25 so as to provide for either the on-line, real time 
observation of the three-dimensional image or the 
storage of that image data for later viewing. 

Fig. 9 of the drawings is a cross-sectional view 
of an alternative embodiment of the varifocal mirror 

30 means illustrating reflective mylar film 15 stretched 
over frame means 60. An infrared laser means 61 
and diffusing lens means 62 is shown positioned 
behind reflective mylar film 15 such that when 
infrared laser means 61 is pulsed, film 15 contracts 

35 due to the thermal effect of the diffused infrared 
laser light. When infrared laser means 61 is 
switched off reflective mylar film 15 relaxes and 
returns to its rest position 38. Pulsing of the in- 
frared laser means 61 thus causes mylar film 15 to 

40 vibrate within an image space, infrared laser means 
61 is additionally shown connected to synchroniza- 
tion module 22 which in turn is connected to image 
signal generation module 25 (now shown). 

The foregoing description and drawings merely 

45 explain and illustrate the invention and the inven- 
tion is not limited thereto, except insofar as the 
amended claims are so limited as those skilled in 
the art who have the disclosure before them will be 
able to make modifications and variations therein 

so without departing from the scope of the invention. 



Claims 

55 1. A three-dimensional laser driven display ap- 

paratus [10] for the controlled projection and ma- 
nipulation of laser generated images towards the 
creation of a three dimensional display [29], said 
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three-dimensional display apparatus [1 0] character- 
ized by: 

-image signal generation means [25] for 
producing image control signals which correspond 
to said image to the displayed; 

-raster generation means [12] operably and 
electrically connected to said image signal genera- 
tion means [25], said raster generation means [12] 
operating as a function of said image control sig- 
nals produced by said image signal generation 
means [25] to cause said image to be spatially 
encoded, said raster generation means [12] there- 
by reflecting said encoded image [32] in a raster 
scanned pattern towards the formation of said com- 
plete three-dimensional image [29]; 

-laser means [11] for generating a coherent 
beam of light [30] which is projected upon said 
raster generation means [12] and reflected by said 
raster generation means towards the formation of 
said three-dimensional display [29]; 

-varifocal mirror means [13] upon which said 
spatially encoded laser image [32] is projected 
after being reflected by said raster generation 
means [12], said varifocal mirror means [13] serv- 
ing to, in turn, reflect and project said three-dimen- 
sional image such that said image [29] is viewable 
in space standing off of the surface of said varifocal 
mirror means, 

-said varifocal mirror means [13] including a 
reflective plate means [15] and a motion control 
means [22] where said reflective plate means [15] 
is moved about an axis perpendicular to the plane 
formed by said reflective plate means [15], said 
motion being controlled by said motion control 
means [22] such that said reflective plate means 
[15] sweeps out an image space whereby said 
spatially encoded laser image [32] projected there- 
on appears in successive planes as a function of 
the position of said reflective plate means [15] at 
each instant in time thus spatially decoding said 
encoded laser image to create said three-dimen- 
sional display [29]. 

2. The three-dimensional laser driven display 
apparatus [10] characterized in Claim 1 in which 
said invention further comprises signal processor 
means [27] operably and electrically connected to 
said image signal generator means [25] for elec- 
tronically amplifying and modifying said image con- 
trol signals to, in turn, modify said three-dimen- 
sional display [29]. 

3. The three-dimensional laser driven display 
apparatus [10] characterized in Claim 1 in which 
said invention further comprises an imaging surface 
means [33] operably positioned between said ras- 
ter generation means [12] and said varifocal mirror 
means [13] such that said spatially encoded laser 
image [32] reflected by said raster generation 
means [12] is projected upon said imaging surface 



means [33] whereby said spatially encoded laser 
image [32] projected thereon may be viewed in 
said varifocal mirror means [13] rather than in 
space, standing off of said varifocal mirror means, 
5 -said imaging surface means [33] further 

serving to non-optically modify said three-dimen- 
sional image [29] and control the level of laser 
radiation appearing at said varifocal mirror means 
[13]. 

io 4. The three-dimensional laser driven display 

apparatus [10] characterized in Claim 1 in which 
said invention further comprises data acquisition 
means [24] operably connected to said image sig- 
nal generation means [25], said data acquisition 

75 means [24] serving to transmit to said image signal 
generation means [25] image data corresponding 
to the image [29] sought to be displayed in a three- 
dimensional manner. 

5. The three-dimensional laser driven display 
20 apparatus [10] characterized in Claim 4 in which 

said invention further comprises image storage 
means [23] operably and electrically connected to 
said image signal generation means [25] for mag- 
netically storing said image data produced by said 
25 data acquisition means [23] thus providing for the 
retrieval of said image data toward the delayed 
display of said three-dimensional image. 

6. The three-dimensional laser driven display 
apparatus [10] characterized in Claim 1 in which 

30 said invention further comprises frame grabbing 
means [26] operably and electrically connected to 
said image signal generation means [25] and said 
raster generation means [12] for permitting the 
continuous display of a single image from the 

35 successively generated images produced by said 
image signal generation means. 

7. The three-dimensional laser driven display 
apparatus [10] characterized in Claim 1 in which 
said invention further comprises synchronization 

40 means [22] operably and electrically connected to 
said mirror control means to synchronize the mo- 
tion of said reflective plate means [15] of said 
varifocal mirror means [13] with the pulse width of 
said laser means [11] to remove unwanted optical 

45 aberations and increase the clarity of said three- 
dimensional image [29]. 

8. The invention characterized in Claim 1 in 
which said raster generation means [11] comprises 
a first raster assembly [18] including a first gal- 

50 vanometer portion [16] and a first mirror portion 
[17], said first galvanometer portion [16] operably 
and electrically connected to said image signal 
generation means [25]; 

-said first mirror portion [17] serving to reflect 

55 said laser beam [30] projected thereon redirecting 
said laser beam [30] to said varifocal mirror means 
[13]; 

-said first galvanometer [16] serving to cause 
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said first mirror portion [17] to move about a first 
axis where said movement is a function of said 
image control signals whereby said reflected image 
[31] is projected upon said varifocal mirror means 
[1 3] in a raster scanned pattern towards the forma- 5 
tion of said three-dimensional image [29]. 

9. The invention characterized in Claim 8 in 
which said raster generation means includes a sec- 
ond raster assembly [21] interposed between said 

first raster assembly and [18] said varifocal mirror w 
means [13] including a second galvanometer por- 
tion [20] and a second mirror portion [19], said 
second galvanometer portion [20] operably and 
electronically connected to said image signal gen- 
eration means [25]; 15 

-said second mirror portion [19] serving to 
receive said laser beam [31] projected from said 
first mirror portion [17] and reflect said laser beam 
to said varifocal mirror means [13]; 

-said second galvanometer [20] serving to 20 
cause said second mirror portion [19] to move in a 
second axis where said movement is a function of 
said image control signals, whereby said laser im- 
age [32] is thus reflected about two axis such that 
said reflected image is projected upon said 25 
varifocal mirror means [13] in a raster scanned 
pattern towards the formation of a complete three- 
dimensional image [29]. 

10. The invention characterized in Claim 1 in 
which said raster generation means [12] comprises 30 
a rotating reflective prism. 

11. The invention characterized in Claim 1 in 
which said raster generation means [12] comprises 
an etalon. 

12. The invention characterized in Claim 1 in 35 
which said raster generation means [12] comprises 

a q-switch. 

13. The invention characterized in Claim 1 in 
which said raster generation means [12] comprises 

a fiber optic array capable of projecting said spa- 40 
tially encoded laser image upon said varifocal re- 
flective means [13]. 

14. The invention characterized in Claim 1 in 
which said raster generation means [12] comprises 

a saturable dye configuration. 45 

15. The invention characterized in Claim 1 in 
which said raster generation means [12] comprises 
a laser generated television image. 

16. The invention characterized in Claim 1 in 
which said three-dimensional laser driven display 50 
apparatus [10] includes: 

-a plurality of colored laser beam emitters; and 
-a plurality of raster generation means 
corresponding to said laser beam emitters, 

-whereby said different colored laser beam 55 
emitters may be combined with one another to 
provide blanking to, in turn, enhance specific char- 
acteristics of said image being displayed. 



17. The invention characterized Claim 1 in 
which said varifocal mirror means [13] comprises a 
reflective mylar film [15] stretched over a loud- 
speaker [35], thereby acoustically coupling said 
mylar film [15] to said loudspeaker [35] such that 
when said loudspeaker [35] is driven said reflective 
mylar film [15] vibrates and is accordingly de- 
flected from its rest position [38] causing the image 
projected onto said reflective mylar film to appear 
at successive planes [39] as a function of the 
position of said vibrating mylar film [15] at each 
instant in time, the persistence of vision of the 
observer thereby causing the successive reflected 
images to fuse together decoding the spatially en- 
coded image thereby creating said three-dimen- 
sional image [29]. 

18. The invention characterized in Claim 17 in 
which said varifocal mirror means [13] includes an 
enhancement means wherein: 

-said loudspeaker [35] includes a plurality of 
ports [41 ] operably positioned about the periphery 
of said loudspeaker cone [35], said ports [41 ] serv- 
ing to permit certain wavelengths of said laser [30] 
projected upon said mylar [15] to pass thereth- 
rough; 

-a plurality of laser detector means [40] 
operably positioned behind said loudspeaker [35] 
proximate to said respective ports [41], said laser 
detector means [40] serving to detect the presence 
and condition of said laser [30] reflected onto said 
mylar film [15]; 

-air pressure module means [44] operably 
connected to said interior of said loudspeaker 
means [35] such that said air pressure means [44] 
are capable of producing and sustaining waveforms 
within said loudspeaker means [35] to selectively 
enhance and modify said laser image; 

-circuit means [42] operably and electrically 
connected to each said laser detector means [40] 
and said air pressure module means [44], said 
circuit means [42] serving to actuate said air pres- 
sure module means [44] to, in turn, produce and 
maintain said standing wave within said loud- 
speaker means [35 thereby permitting the en- 
hancement and modification of said three-dimen- 
sional display [29] in response to the color, fre- 
quency, phase and power of said laser image [32]. 

19. The invention characterized in Claim 18 in 
which said varifocal mirror means [13] further in- 
cludes lens means [43] operably positioned about 
said ports [41] to enhance the detection ability of 
said laser detector means [40]. 

20. The invention characterized in Claim 1 in 
which said varifocal mirror means [13] comprises: 

- frame means 60; 

-reflective mylar film means [15] stretched 
over said frame means [60]; 

-infrared source means [61] operably posi- 
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tioned behind said reflective mylar film [1 5] means 
wherein said infrared source means [61] serves to 
thermally contract said reflective mylar film means 
[15] and wherein the inherent memory of said 
reflective mylar film means will serve to cause said 5 
mylar film means [1 5] to relax returning to its initial 
shape and position on said frame means [60] such 
that the repeated contraction and relaxation of said 
reflective mylar film [15] means will result in its 
being vibrated thereby causing the reflection view- to 
ed in said mylar film [15] to appear at successive 
planes corresponding to the position of said vibrat- 
ing mylar film [15] at each instant in time, the 
persistence of vision of the observer thereby caus- 
ing the successive reflected images to fuse to- 75 
gether decoding the spatially encoded image creat- 
ing said three-dimensional image [29]. 

21. The invention characterized in Claim 1 in 
which ferrite material [46] is operably affixed to the 
back surface of said reflective plate means [15] 20 
wherein manipulation of said image appearing in 

said varifocal mirror [13] is achieved through the 
magnetic attenuation [49] of said reflective plate 
means [15], said attenuation being accomplished 
through the application of an electron beam [48] to 25 
said ferrite material [46] such that dwell periods are 
produced in the motion of said reflective plate 
means [15] which, in turn, causes the manipulation 
of said image. 

22. The invention characterized in Claim 1 in 30 
which said reflective plate means [15] includes 
phosphor material [43] affixed to the reflective sur- 
face [34] of said reflective plate. means [15] to 
permit the observation of images generated by 
laser means [58] producing non-visible light [57]. 35 

23. The invention characterized in Claim 1 in 
which said phosphor material [45] affixed to said 
reflective plate means [15] is sensitive to x-ray 
output whereby non-visible x-ray images may be 
viewed using said three-dimensional laser driven 40 
display apparatus [1 0]. 

24. The invention characterized in Claim 1 in 
which said phosphor material [45] affixed to said 
reflective plate means [15] is sensitive to ultraviolet 
light output whereby non-visible ultra violet images 45 
may be viewed using said three-dimensional laser 
driven display apparatus [10]. 

25. The invention characterized in Claim 1 in 
which said varifocal mirror means [13] includes 
image modification means [ ] comprising: 50 

-a plurality of laser detector means [40] 
operably positioned behind said reflective plate 
means [1 5] said laser detection means [40] serving 
to detect the presence and condition of said laser 
reflected onto said reflective plate means; 55 

-circuit means [42] operably and electrically 
connected to each of said laser detector means 
[40] and said mirror control means [22], said circuit 



means [42] serving to electronically alter the vibra- 
tion of said reflective plate means [15] thereby 
permitting the modification of said three-dimen- 
sional display [29] in response to the frequency, 
phase and power of said laser image. 

26. The invention characterized in Claim 25 in 
which said laser detector means [40] comprise line 
diodes capable of detecting the presence of a 
selected color as well as the absence of a selected 
color. 

27. The invention characterized in Claim 24 in 
which said laser detector means [40a] are posi- 
tioned forward of said reflective plate means [15] 
such that said laser detector means [40a] may 
detect said laser image [29] as it is reflected off of 
said varifocal mirror means [15]. 

28. The invention characterized in Claim 3 in 
which said imaging surface means [33] comprises 
a surface of material [33a] sensitive to the 
wavelength of said laser means whereby said im- 
age projected thereon may be modified as a func- 
tion of the sensitivity of the material [33a] covering 
said imaging surface means [33]. 

29. The invention characterized in Claim 4 in 
which said data acquisition means [24] comprises a 
plurality of fiber optic elements [50] capable of 
being inserted into a cavity [53] wherein at least 
one fiber optic element [51] directs a laser beam 
[55] to illuminate the interior of said cavity and 
wherein at least one fiber optic element [52] con- 
ducts the reflected laser beam [56] to said three- 
dimensional laser driven display apparatus [10]. 
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© Cathode ray tubes. 

© A cathode ray tube includes a fluorescent screen (11) 
formed on an inner surface of a face plate (2) thereof and a 
metal backing layer (5) formed on the fluorescent screen. The 
fluorescent screen (11) comprises a fluorescent material 
which includes fluorescent particles and has a composition 
such that an amount of not less than 0.6 parts by weight of 
Si0 2 per 100 parts by weight of fluorescent particles is 
present in a portion (11 A) of the material that contacts the 
face plate (2), the amount of Si0 2 being insufficient to cause 
the brightness of the fluorescent particles to deteriorate, and 
not more than 0.3 parts by weight of Si0 2 per 100 parts by 
weight of fluorescent particles is present in a portion (11B) of 
^ the fluorescent material that faces the metal backing layer 
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CATHODE RAY TUBES 

This invention relates to cathode ray tubes and, more particularly, to 
fluorescent screens formed on inner surfaces of face plates of cathode ray 
tubes. 

Several types of projectors have been suggested for enlarging and 
projecting an image of a cathode ray tube on a screen. The most common 
type of projector uses a so-called projection type display. The cathode ray 
tube for the projector is usually energised at a level of approximately 
fifteen to twenty times that of ordinary colour cathode ray tubes, thereby 
causing a fluorescent material of a screen of the tube to emit higher 
intensity light. With a small size projector tube, however, the power 
required may be so high that it is likely that the fluoresent material layer 
will separate from the face plate under the action of the electron beam 
energy applied. 

In a typical previously proposed cathode ray tube structure, an outer 
surface of the tube constitutes a face plate and a fluorescent material layer 
is formed on the inner surface of the face plate. A metal backing layer is 
usually provided behind the fluorescent screen, and is formed by vacuum 
deposition. An intermediate layer, such as an acrylic resin, is usually 
interposed between the back of the fluorescent screen and the front of the 
metal backing layer. This type of fluorescent screen, as previously 
mentioned, has disadvantages when used as a projector of the type 
mentioned above. 

According to the present invention there is provided a cathode ray 
tube having a face plate, a fluorescent screen including fluorescent material 
formed on an inner surface of the face plate, and a metal backing layer on 
the fluorescent screen, wherein the fluorescent material includes 
fluorescent particles and the composition of the material is such that an 
amount of not less than 0.6 parts by weight of fluorescent particles is 
present in a portion of the material that contacts the face plate, the amount 
being insufficient to cause the brightness of the fluorescent particles to 
deteriorate, and not more than 0.3 parts by weight of S1O2 per 100 parts by 
weight of fluorescent particles is present in a portion of the material that 
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faces the metal backing layer. 

A preferred form of cathode ray tube embodying the present 
invention and described hereinbelow has a fluorescent screen which 
substantially eliminates or at least alleviates the problem of separation on 
the face plate of the tube. Also, in the preferred cathode ray tube, the 
metal backing layer formed on the fluorescent screen is rendered free from 
deterioration due to moisture. The preferred cathode ray tube is 
particularly (but not exclusively) suitable for use in a colour projector 
requiring high electrical power. 

The invention will now be further described, by way of illustrative 
and non-limiting example, with reference to the accompanying drawing, in 
which: 

•s 

Figure 1 is a side elevational view, with portions broken away, of the 
overall structure of a cathode ray tube embodying the present invention; 

Figure 2 is an enlarged cross-sectional view of an area indicated at A 
in Figure 1; and 

Figure 3 is a cross-sectional view, similar to Figure 2, illustrating a 
fluorescent screen of a previously proposed cathode ray tube. 

Figure 3 shows a fluorescent screen of a previously proposed cathode 
ray tube which comprises a face plate 2, a fluorescent material layer 3 
formed on the inner surface of the face plate, and a metal backing layer 5 
formed by vacuum deposition and located behind the fluorescent layer 3. An 
intermediate layer 4, which is composed for example of an acrylic resin, is 
interposed between the fluorescent material 3 and the metal backing layer 
5. This type of fluorescent screen, as described above, does not function 
satisfactorily if used to project images under conditions of high power. 

In an attempt to prevent the separation of the fluorescent material 
layer 3 from the face plate 2. the present inventors added 5i0 2 powder to 
the fluorescent material layer 3. The addition of the Si0 2 powder caused 
the adhesion between the fluorescent material layer 3 and the face plate 2 
to be improved. However, the fluorescent material layer 3 became too 
smooth on its surface, leading to a. problem that the metal backing layer 5 
(of aluminium) was more liable to separate. In addition, since Si0 2 powder 
has a high moisture absorption, the aluminium backing layer 5 was attacked, 
causing black-point defects. 

In accordance with an embodiment of the present invention shown in 
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Figures 1 and 2, a cathode ray tube 1 comprising a face plate 2 has a 
fluorescent screen 11 on the inner surface of the face plate 2. The 
fluorescent screen 11 is covered with a metal backing layer 5, which may 
for example be composed of aluminium. The face plate 2 is bonded to a 
funnel-shaped portion 6 of the tube 1 around the periphery of the face plate 
2 by a frit sealer 7. 

In this embodiment of the present invention, the fluorescent screen 
11 is in the form of a layer whose characteristics on opposite sides differ 
from one another. A first side 11 A of the screen 11, which side contacts the 
face plate 2, includes not less than 0.6 parts by weight of SiC^ per 100 parts 
by weight of fluorescent particles in the screen 11. The second side 11B, 
which side faces the metal backing layer 5, is free of SiC^ or includes not 
more than 0.3 parts by weight of SiC^ per 100 parts by weight of the 
fluorescent particles. The upper limit of the SiC^ content at the first side 
11A, which contacts the face plate 2, is such that the brightness of the 
fluorescent screen 11 is not deteriorated by the addition of the SiCX,. The 
second side 11B may be formed with the metal backing layer 5 with an 
intermediate layer 4, such as a conventional acrylic resin layer as shown in 
Figure 2, disposed therebetween. 

Since the fluorescent screen 11 contains SiC^ in an amount of not 
less than 0.6 parts by weight at the side 11A contacting the face plate 2, 
good adhesion to the face plate 2 is ensured. On the other hand, the other 
side 11B of the fluorescent screen 11 facing the metal backing layer 5 is 
free of SiC^ or has an SiC^ content not greater than 0.3 parts by weight per 
100 parts of the fluorescent particles so that the surface has suitable 
irregularities and the adhesion between the metal backing layer 5 and the 
fluorescent screen 11 is high. At the same time, the second side 11B has a 
smaller amount of SiC^ and thus has a reduced moisture absorption so that 
the metal backing layer 5 is not undesirably attacked. 

The fabrication of the fluorescent screen 11 can be accomplished as 
follows. First, a fluorescent paste which contains not less than 0.6 parts by 
weight of SiO^ per 100 parts of a fluorescent material is made up. The 
paste includes fluorescent material particles, a binder, and SiC^ powder 
dispersed in a solvent. The fluorescent material may be any of the 
materials ordinarily used for these purposes, typical of which are the 
following: 
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Y 3 Al 2 Ga 3 0 12 :Tb (green) 
ZnS:Ag (blue) 
Y 2 0 3 :Eu (red). 

The binder may be a cellulose derivative such as ethyl cellulose, 
nitrocellulose, or the like, or a synthetic resin such as polyvinyl alcohol, as 
is well known in the art. The Si0 2 is in the form of a fine powder such as 
the type commercially available under the designation "Aerosil-200" from 
Nippon Aerosil Co. Ltd. This powder has a particle size range of 8 to 
40 millimicrons (10 m). 

The fluorescent paste is prepared by mixing the above Ingredients in 
a suitable mixer such as a ball mill. The paste is printed onto the inner 
surface of the face plate 2 to a thickness of 20 to 30 microns (m~ 6 ), dried, 
and cooled to form the first layer 11A. 

Subsequently, another fluorescent paste, which can be substantially 
the same as that described above except that the Si0 2 content is not 
greater than 0.3 parts by weight per 100 parts by weight of the fluorescent 
material, is made up. This paste is printed on the previously deposited layer 
or sub-layer 11A to form another layer 11B. 

Similarly, an intermediate layer 4 is usually formed on the layer 11B 
by printing a solution of, for example, an acrylic resin, followed by drying, 
and a metal such as aluminium or the like is vacuum deposited to form the 
metal backing layer 5. The face plate 2 is then subjected to baking and 
bonded to the funnel-shaped portion 6 by the frit sealer 7 to obtain the 

cathode ray tube 1. 

In the above procedure, the fluorescent screen is formed by a printing 
technique, but it also may be formed by a slurry method as described 
hereinbelow. 

The following examples illustrate the manufacture of a cathode ray 
tube embodying the present invention. 
EXAMPLE 1 

Fluorescent material pastes of the formulations indicated below, 
comprising Si0 2 powder ("Aerosil-200"), were made up and were printed on 
the inner surface of a glass face plate of a cathode ray tube, dried and 
cooled to form a fluorescent material layer. The fluorescent paste 
compositions comprised the following ingredients: 
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Fluorescent material 100 g 

Ethyl cellulose 2.5 g 

Butyl carbitol 30 g 

"Aerosil-200" suitable amounts 

(including zero). 



The composition of the "Aerosil-200" was as follows: 

Si0 2 : greater than 99.8% 

A1 2 0 3 : greater than 0.05% 

Ti0 2 : greater than 0.03% 

HC1 : greater than 0.01%. 

An intermediate layer of an acrylic resin was printed on the 
fluorescent material layer and dried, followed by vacuum deposition of the 
metal backing layer of aluminium. Thereafter, the face plate was baked and 
bonded to a funnel-shaped portion of the tube by a frit sealer to obtain the 
cathode ray tube. 

The tubes, in which the content of Si0 2 powder in the fluorescent 

layer was varied, were tested by application of an electrical power of 
2 

5 W/cm • The separation of the fluorescent screen, that is the separation of 
the fluorescent material layer from the face plate, and the separation of the 
aluminium backing layer from the fluorescent material layer, were 
observed. The results are shown in the following table: 
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TABLE 



Amount of 0 parts 0.3 parts 0.6 parts 1.2 parts 5.0 parts 

Si0 2 by wt. by wt. by wt. by wt. by wt. 

(based on 

100 parts by 

weight of 

fluorescent 

material) 



Percentage 
separation of 
the fluorescent 

material layer 45% 25% 0% 0% 0% 



Separation of 
the AI backing 

layer no no yes yes yes 

As is apparent from the above table, when the fluorescent material 
layer contained not less than 0.6 parts by weight of the Si0 2 powder, 
separation of the fluorescent material layer from the face plate did not 
occur. When the fluorescent material layer contained not more than 
0.3 parts by weight (including none) of the 5i0 2 powder, separation of the 
aluminium backing layer from the fluorescent material layer did not take 
place. It should also be recognised that the aluminium backing layer was not 
oxidised. 

Thus, the fluorescent layer should have not less than 0.6 parts by 
weight of the SiO z powder per 100 parts by weight of the fluorescent 
material on the side which contacts the face plate, up to an upper limit 
which is an amount not sufficient to cause the brightness of the fluorescent 
material layer to deteriorate, for example 3 parts by weight. On the other 
hand, the opposite side should be free of the SiO z powder or should contain 
not more than 0.3 parts by weight of the Si0 2 powder per 100 parts by 
weight of the fluorescent material. 
EXAMPLE 2 

This example illustrates manufacture of the fluorescent screen by a 

printing technique. 

A fluorescent paste containing 5iQ 2 powder and of the formulation 
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indicated below was printed on the inner surface of the face piste 2 of a 
cathode ray tube, following by drying and cooling to form the first layer 11A 
shown in Figures 1 and 2. The formulation was: 

Fluorescent material 100 g 

Ethyl cellulose 2.5 g 

Butyl carbitol 30 g 

"Aerosil-200" 0.6 g or more. 



Subsequently, a fluorescent paste free of Si0 2 was made up and 
printed over the first fluorescent layer 11 A followed by drying and cooling 
to form the second layer 11B, thereby providing a double-layer structure. 
The composition of the fluorescent paste for the second layer was as 
follows: 



Fluorescent material 100 g 

Ethyl cellulose 2.5 g 

Butyl carbitol 30 g. 

An intermediate layer 4 was printed on the fluorescent screen and 
dried, after which an aluminium backing layer 5 was vacuum deposited on 
the intermediate layer 4. After a baking treatment, the face plate 2 was 
bonded to the funnel-shaped portion 6 by the frit sealer 7 to provide a 
cathode ray tube 1. 

Wth the above arrangement, the first layer 11A contacting the face 
plate 2 contained Si0 2 and thus ensured good adhesion to the face plate 2. 
The second layer 11B facing the metal backing layer 5 did not contain Si0 2 
and thus had appropriate irregularities which ensured good adhesion to the 
metal backing layer. The second layer 11B had a very small moisture 
absorption characteristic such that, when high electric power was applied to 
the cathode ray tube, the fluorescent screen 11 did not separate from the 
face plate 2 and the metal backing layer 5 was not attacked. 
EXAMPLE 3 

This example illustrates the formation of the fluorescent screen by a 
slurry method. 

In this method, a fluorescent paste containing SiO ? powder in the 
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formulation indicated below was applied onto the surface of the face plate 
2, dried, exposed to light according to a predetermined pattern, and 
developed to form the first layer 11 A. The composition for the slurry was: 

Fluorescent material 
Polyvinyl alcohol (PVA) 
Ammonium dichromate (ADC) 
"Aerosil-200" 
Water 



100 g 

5g 

0.5 g 

0.6 g or more 
100 cm 3 . 



Subsequently, another fluorescent slurry having a formulation free of 
5i0 2 was applied onto the first layer 11A, dried, exposed to light with a 
desired pattern and developed to form the second layer 11B. The 
composition of the second layer was: 



Fluorescent material 100 g 

Polyvinyl alcohol (PVA) 5 g 

Ammonium dichromate (ADC) 0.5 g 

Water 100 cm * 



An aluminium backing layer 5 was formed on the fluorescent screen 
11 with the intermediate layer A of an acrylic resin disposed therebetween. 
Thereafter, the face plate was baked and frit sealed to a funnel-shaped 
portion to provide the finished cathode ray tube. The fluorescent screen of 
the cathode ray tube had substantially the same characteristics as obtained 
in Example 2. 

The fluorescent screen 11 has been described in the above examples 
as having two discrete layers, but any layer arrangement including one layer 
or a plurality of layers may be used provided that the 5iO z contents at the 
side contacting the face plate 2 and the side facing the metal backing layer 
5 have the values as described previously. 
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CLAIMS 

1. A cathode ray tube (1) having a face plate (2), a fluorescent screen 
(11) including fluorescent material formed on an inner surface of the face 
plate (2), and a metal backing layer (5) on the fluorescent screen (11), 
wherein the fluorescent material includes fluorescent particles and the 
composition of the material is such that an amount of not less than 0.6 parts 
by weight of fluorescent particles is present in a portion of the material 
that contacts the face plate (2), the amount being insufficient to cause the 
brightness of the fluorescent particles to deteriorate, and not more than 
0.3 parts by weight of SiC^ per 100 parts by weight of fluorescent particles 
is present in a portion of the material that faces the metal backing layer (5). 

2. A cathode ray tube according to claim 1, wherein the portion of the 
fluorescent material that faces the metal backing layer is substantially free 
of SiO r 

3. A cathode ray tube according to claim 1, wherein the fluorescent 
material appears in two discrete layers, namely a front layer (11A) 
contacting the inner surface of the face plate (2) and containing SiO^ in an 
amount not less than 0-6 parts by weight per 100 parts by weight of 
fluorescent particles, and a second layer (11B) immediately adjacent the 
first layer (11A) and containing not more than 0.3 parts by weight 5i0 2 per 
100 parts by weight of fluorescent particles. 

4. A cathode ray tube according to claim 3, wherein the second layer 
(11B) is substantially free of SiC^. 

5. A cathode ray tube according to any one of the preceding claims, 
which includes an intermediate layer (4) of an acrylic resin interposed 
between the metal backing layer (5) and the portion of the fluorescent 
material that faces the metal backing layer. 
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© Cathode ray tubes. 

© A cathode ray tube includes a fluorescent screen (11) 
formed on an inner surface of a face plate (2) thereof and a 
metal backing layer (5) formed on the fluorescent screen. The 
fluorescent screen (11) comprising a fluorescent material ,A 
which includes fluorescent particles and has a composition 
such that an amount of not less than 0.6 parts by weight of 
Si0 2 per 100 parts by weight of fluorescent particles is pre- 
sent in a portion (1 1 A) of the material that contacts the face 
plate (2), the amount of Si0 2 being insufficient to cause the 
brightness of the fluorescent particles to deteriorate, and not 
more than 0.3 parts by weight of Si0 2 per 1 00 parts by weight 
of fluorescent particles is present in a portion (1 1 B) of the 
fluorescent material that faces the metal backing layer (5). 
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(54) A light emitting diode device that emits white light 



(57) A white-light emitting diode (LED) is provided 
that emits primary light at a wavelength that is in the 
range of 485 to 515 nanometers (nm), which corre- 
sponds to a bluish-green color. A portion of the primary 
light is converted into a reddish colored light that ranges 
in wavelength from approximately 600 to approximately 
620 nm. At least a portion of the converted light com- 
bines with the unconverted portion of the primary light 
to produce white light. A number of phosphor-converting 
elements are suitable for use with the LED, including a 
resin admixed with a phosphor powder, epoxies ad- 
mixed with a phosphor powder, organic luminescent 



dyes, phosphor-converting thin films and phosphor-con- 
verting substrates. Preferably, the phosphor-converting 
element is a resin admixed with a phosphor powder in 
such a mannerthat a portion of the primary light imping- 
ing on the resin is converted into the reddish-colored 
light and a portion of the primary light passes through 
the resin without being converted. The unconverted pri- 
mary light and the phosphor-converted reddish-colored 
light combine to produce white light. The LED is mount- 
ed in a reflector cup that is filled with the phosphor-con- 
verting resin. The LED may be mounted in either a nor- 
mal or flip-chip configuration within the reflector cup. 
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Description 

[0001] The present invention relates to a light emitting 
diode device and, more particularly, to a light emitting 
diode device that produces white light by combining pri- 
mary bluish-green light with phosphor-converted red- 
dish light to produce white light. 
[0002] Light emitting diode devices (LEDs) that are 
utilized in green traffic lights emit a bluish-green light at 
wavelengths in the range of approximately 485 to 515 
nanometers (nm). The wavelength emission range is 
specified by law and is a very narrow subset of this 
range. When these LEDs are produced, they are tested 
to determine whether or not the emitted light is within 
the legally specified range. If the LEDs do not meet 
these specifications, they typically are discarded. 
[0003] With the development of efficient LEDs that 
emit light in the spectral range of 450 to 520 nanometers 
(nm), it has become feasible to produce LEDs that gen- 
erate white light through phosphor conversion of a por- 
tion of the primary emission of the LED to longer wave- 
lengths. An unconverted portion of the primary emission 
combines with the light of the longer wavelength to pro- 
duce white light. In order for an LED to produce white 
light that is good for illumination purposes (i.e., that has 
good color rendering capabilities), the primary emission 
should be at a wavelength of less than, for example, 480 
nm. However, if the LED is to be used only for signaling 
or display purposes, the primary emission can be at a 
wavelength of greater than 480 nm. Phosphor conver- 
sion of primary light at a wavelength of greater than 480 
nm will still produce light that appears white when 
viewed directly or through a diffusion screen on which 
the light impinges. Such an LED would be suitable for 
use in various types of displays and signaling environ- 
ments (e.g., pedestrian traffic lights), although it gener- 
ally would not be suitable for illumination purposes due 
to its poor color rendering characteristics. 
[0004] Pedestrian traffic lights are currently the only 
types of traffic lights that do not utilize LEDs. Pedestrian 
traffic lights generally use incandescent bulbs for sign- 
aling. These bulbs burn out relatively quickly and must 
be replaced relatively often. It would be desirable to pro- 
vide an LED that produces white light and that is suitable 
for this purpose and for other signaling and/or display 
purposes. LEDs consume less energy than incandes- 
cent bulbs and normally have lifetimes that are much 
greater than incandescent bulbs. Consequently, LEDs 
require less maintenance and can potentially provide a 
more economic solution than incandescent bulbs in 
these types of environments. 

[0005] Accordingly, a need exists for a white-light 
emitting LED that is suitable for signaling and/or display 
purposes. 

[0006] The present invention provides a white-light 
emitting diode (LED) that emits primary light at a wave- 
length that is in the range of approximately 485 to ap- 
proximately 51 5 nm, which corresponds to a color of blu- 



ish-green. A portion of the primary light is converted into 
a reddish-colored light that ranges in wavelength from 
approximately 600 to approximately 620 nm. At least a 
portion of the converted light combines with the uncon- 

s verted portion of the primary light to produce white light. 
The LED comprises a substrate and a light-emitting 
structure, which is disposed on a surface of the sub- 
strate. The light-emitting structure emits the primary 
light that impinges on a phosphor-converting element to 

10 produce the reddish-colored light that combines with 
bluish-green light to produce white light. 
[0007] A number of phosphor-converting elements 
are suitable for use with the LED of the present inven- 
tion, including a resin admixed with a phosphor powder, 

15 epoxies admixed with a phosphor powder, organic lumi- 
nescent dyes, phosphor-converting thin films and phos- 
phor-converting substrates. Preferably, the phosphor- 
converting element is a resin admixed with a phosphor 
powder in such a manner that a portion of the primary 

20 light impinging on the resin is converted into the reddish- 
colored light and a portion of the primary light passes 
through the resin without being converted. The uncon- 
verted primary light and the phosphor-converted red- 
dish-colored light combine to produce white light. In ac- 

25 cordance with this embodiment, the LED is mounted in 
a reflector cup that is filled with the phosphor-converting 
resin. The LED can be mounted in either a normal or 
flip-chip configuration within the reflector cup. 
[0008] Other features and advantages of the present 

30 invention and variations thereof will become apparent 
from the following description, drawings and claims. 
[0009] Fig. 1 is a perspective view of the LED of the 
present invention in accordance with a first embodi- 
ment, wherein the LED is disposed within a reflector cup 

35 that is filled with a phosphor-converting resin. 

[0010] Fig. 2 is a perspective view of the LED of the 
present invention in accordance with a second embod- 
iment, wherein the LED is disposed in a flip-chip config- 
uration within a reflector cup that is filled with a phos- 

40 phor-converting resin. 

[001 1] Fig. 3 is a plan view of a diffusing element that 
may be utilized with the white-light emitting LED of the 
present invention shown in FIGS. 1 and 2 to provide a 
light-emitting device that is diffuse in nature and thus 

■*5 suitable for signaling and/or display purposes. 

[0012] Fig. 1 is a perspective view of the light emitting 
diode (LED) 1 of the present invention in accordance 
with a first embodiment, wherein the LED is mounted 
within a reflector cup. The LED 1 of the present invention 

50 is not limited to any particular LED design, except that 
it must be capable of emitting primary light that ranges 
in wavelength from approximately 485 nm to approxi- 
mately 51 5 nm, which generally is a bluish-green color. 
As stated above, LEDs that are designed for use in 

55 green traffic lights produce light of a bluish-green color. 
Preferably, such an LED is utilized in accordance with 
the present invention because LEDs that are designed 
for that particular purpose that do not meet the afore- 
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mentioned specifications are typically discarded. The 
present invention can make use of such LEDs to pro- 
duce white-light emitting LEDs that are suitable for sig- 
naling and/or display purposes, but which generally are 
not designed to meet industry standards for illumination. 
[0013] The LED 1 comprises, for example, a light 
emitting structure 2, which comprises two n-GaN layers 
3 and 4, aSQWor MQWGalnN layer 5, ap-AIGaN layer 
6 and a p-GaN layer 7. The light emitting structure 2 also 
comprises an n-electrode bond pad 8, an n-electrode 3, 
a p-electrode bond pad 1 1 and a p-electrode 1 2. The n- 
electrode 3 is comprised of GaN. The electrode bond 
pads 8 and 1 1 , when connected to a power supply (not 
shown), provide the biasing current that causes the LED 
1 to emit the primary light that is bluish-green and ranges 
in wavelength from approximately 485 to approximately 
515 nm. 

[0014] It should be noted that the materials used for 
creating the LED 1 are not limited to the materials dis- 
cussed above with reference to FIG. 1 . Those skilled in 
the art will understand that the LED 1 can be comprised 
of various types of materials. As stated above, the LED 
1 is not limited to any particular type of LED, with the 
exception that the LED device utilized in accordance 
with the present invention by one that emits a primary 
light that is bluish-green in color and ranges in wave- 
length from approximately 485 to 515 nm. Those skilled 
in the art will understand that various LEDs are known 
that are suitable for this purpose. 
[0015] The light emitting structure 2 that generates 
the primary emission preferably is grown epitaxially on 
either a sapphire (Al 2 0 3 ) or silicon carbide (SiC) sub- 
strate 13, which are both transparent to the primary 
emission. In accordance with the embodiment shown in 
FIG. 1 , the LED 1 is mounted in a reflector cup 1 6 in a 
configuration that is commonly referred to as a "normal" 
mounting configuration. The reflector cup preferably is 
filled with a phosphor-converting resin 17. Alternatively, 
the reflector cup 16 could be filled with an epoxy or a 
luminescent dye. During operation, when the LED 1 is 
driven, primary radiation emitted by the LED 1 impinges 
on the phosphor-converting resin 17. A portion of the 
primary radiation impinging on the resin 1 7 is converted 
by the resin 1 7 into reddish light. The reddish light rang- 
es in wavelength from approximately 600 to approxi- 
mately 620 nm. An unconverted portion of the primary 
radiation passes through the resin and combines with 
the reddish light to produce white light. 
[0016] Fig. 2 is a perspective view of the LED 1 of the 
present invention in accordance with an alternative em- 
bodiment, wherein the LED 1 is mounted within the re- 
flector cup 16 in a "flip-chip" mounting configuration. 
Therefore, the various components of the LED 1 will not 
be reiterated. In a flip-chip mounting configuration, the 
p-electrode bond pad 11 is electrically coupled by acon- 
ductive element (not shown) to the inner surface of the 
reflector cup 1 6, which is comprised of a conductive ma- 
terial. As with the embodiment shown in Fig. 1, the re- 



flector cup 16 preferably is filled with a phosphor-con- 
verting resin 1 7. Alternatively, the reflector cup could be 
filled with a phosphor-converting epoxy or with a phos- 
phor converting dye. The substrate 13 is transparent 

s and the p-electrode 1 2 is reflective such that the primary 
emissions generated by the light emitting structure are 
reflected away from the p-electrode 12 and pass 
through the substrate 13 and into the resin 17. As with 
the embodiment shown in Fig. 1, the substrate 13 may 

to be comprised of a variety of materials, including sap- 
phire and silicon carbide, both of which are transparent 
to the primary emission. However, in accordance with 
the embodiment shown Fig. 2, the p-electrode 12 is re- 
flective, whereas with the embodiment shown in Fig. 1 , 

15 the p-electrode 12 is transparent. 

[0017] It should be noted that the primary light may 
comprise light having more than one wavelength. Sim- 
ilarly, the light emitted by the phosphor-converting ele- 
ment in response to excitation by the primary light may 

20 comprise light of more than one wavelength. For exam- 
ple, the primary light emitted by the light emitting struc- 
ture 2 may correspond to a plurality of wavelengths mak- 
ing up a spectral band. Likewise, the reddish-colored 
light emitted by the resin 1 7 may correspond to a plural- 

25 ity of wavelengths making up a spectral band. Wave- 
lengths in these spectral bands may then combine to 
produce white light. Therefore, although individual 
wavelengths are discussed herein for purposes of ex- 
plaining the concepts and principles of the present in- 

30 vention, it will be understood by those skilled in the art 
that the excitation being discussed herein may be 
caused by and result in the emission of a plurality of 
wavelengths, or a spectral band. Therefore, the term 
"spectral band" is intended to denote a band of at least 

35 one wavelength and of potentially many wavelengths. 
The term "wavelength" is intended to denote the wave- 
length of the peak intensity of a spectral band. 
[0018] The phosphor-converting resin 1 7 preferably is 
a resin comprising phosphor selected from the phos- 

40 phor family chemically identified as (Sr,Ca,Ba)S:Eu 2+ . 
One phosphor selected from this family is strontium 
sulfide doped with europium, which is chemically de- 
fined as SrS:Eu 2+ and which has a peak emission at 61 0 
nm. However, other phosphors may be admixed with 

■*5 resin to produce the phosphor converting resin 17, as 
will be understood by those skilled in the art. Rather than 
using phosphor-converting resins, dyes or epoxies, oth- 
er types of phosphor converting elements may also be 
used, including phosphor-converting thin films, phos- 

so phor-converting substrates, or various combinations of 
these elements. Phosphor-converting thin films and 
phosphor-converting substrates that are suitable for this 
purpose are disclosed in copending U.S. patent appli- 
cations Serial Nos. 09/407,231, 09/407,228 and 

55 09/405,938, all filed on September 27, 1 999, which are 
assigned to the assignee of the present application and 
which are hereby incorporated by reference herein in 
their entirety. 
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[0019] These applications also discuss the manner in 
which these phosphor converting elements may be uti- 
lized to perform phosphor conversion. The manner in 
which these various types of phosphor-converting ele- 
ments can be used in accordance with the LED of the 
present invention to convert a portion of the primary blu- 
ish-green light emitted by the LED into a reddish-colored 
light that combines with the unconverted portion of the 
primary bluish-green light to produce white light will be 
understood by those skilled in the art. Therefore, the 
manner in which these phosphor-converting elements 
can be utilized in accordance with the present invention 
will not be discussed herein. 

[0020] The LED of the present invention will produce 
white light that is suitable for signaling and display pur- 
poses, but generally not for illumination purposes. When 
one or more LEDs of the present invention are used in 
conjunction with a diffusing element, such as the diffus- 
ing element 25 shown in FIG. 3, the roughened nature 
of the diffusing element, which is intended to be repre- 
sented by the hash marks 26 of the diffusing element 
25, will cause the white light to be diffuse, or spread out 
or soften. The diffusing element 25 could represent the 
frosted diffuser plate of a pedestrian "WALK" traffic light, 
for example. Those skilled in the art will understand the 
manner in which the LED of the present invention could 
be used with various types of diffusers to provide useful 
functions. It should also be noted that the diffuser could 
simply be the front surface of the resin dome covering 
the LED. 

[0021] It should be noted that the present invention 
has been described with respect to various embodi- 
ments in order to illustrate the concepts and principles 
of the present inventions. However, the present inven- 
tion is not limited to these embodiments. Those skilled 
in the art will understand that various modifications can 
be made to the embodiments discussed herein that are 
within the scope of the present invention. For example, 
although the present invention has been discussed with 
respect to an LED comprised of certain materials, those 
skilled in the art will understand that the present inven- 
tion is not limited to an LED comprised of those materi- 
als. Also, although the present invention has been de- 
scribed in detail with respect to the reflector cup mount- 
ing configurations shown in Figs. 1 and 2, those skilled 
in the art will understand that the present invention is 
not limited to these particular mounting configurations. 
Similarly, the present invention is not limited exclusively 
to the phosphor-converting elements discussed herein. 
Those skilled in the art will understand that variations 
can be made with respect to all of these aspects of the 
embodiments discussed above without deviating from 
the scope of the present invention. 



Claims 

1. A light emitting diode (LED) device for generating 



white light, the light emitting diode device compris- 
ing: 

a light emitting device, the light emitting device 

s emitting primary radiation when driven, the pri- 

mary radiation having at least one wavelength 
in the range of approximately 485 to approxi- 
mately 515 nanometers (nm); and 
a phosphor-converting element located to re- 

10 ceive primary radiation generated by the light 

emitting device, the primary radiation impinging 
on the phosphor converting element, wherein 
a first portion of the primary radiation received 
by the phosphor-converting element passes 

15 through the phosphor-converting element and 

remains unconverted, and wherein a second 
portion of the primary radiation received by the 
phosphor-converting element is converted into 
light of a longer wavelength than the primary 

20 radiation, and wherein the first portion of the pri- 

mary radiation and the light of the longer wave- 
length combine to produce white light. 

2. The light emitting diode (LED) device of claim 1, 
25 wherein the light of the longer wavelength includes 

at least one wavelength in the range of approxi- 
mately 600 to 620 nm. 

3. The light emitting diode (LED) device of claim 1 , fur- 
so ther comprising: 

a reflector cup, the substrate, the light emitting 
device and the phosphor converting element being 
disposed within the reflector cup, the reflector cup 
having an opening through which white light pro- 
35 duced by the LED device passes. 

4. The light emitting diode (LED) device of claim 3, 
wherein the phosphor converting element includes 
a resin admixed with phosphor, and wherein the re- 

40 flectorcup is filled with the resin mixture to an extent 
that the substrate and the light emitting device are 
substantially submerged in the resin mixture. 

5. The light emitting diode (LED) device of claim 4, 
■*5 wherein the LED device is utilized for signaling pur- 
poses. 

6. The light emitting diode (LED) device of claim 4, fur- 
ther comprising a diffusion screen for display pur- 

50 poses. 

7. The light emitting diode (LED) device of claim 4, 
wherein the substrate is transparent to the primary 
radiation, and wherein the LED device is mounted 

55 in a "flip-chip" mounting configuration within the re- 
flector cup. 

8. The light emitting diode (LED) device of claim 4, 
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wherein the substrate is opaque to the primary ra- 
diation, and wherein the LED device is mounted in 
a "normal" mounting configuration within the reflec- 
tor cup. 

9. The light emitting diode (LED) device of claim 4, 
wherein resin is admixed with phosphor selected 
from the phosphor family chemically identified as 
(Sr,Ca,Ba)S:Eu 2 +. 

10. The light emitting diode (LED) device of claim 9, 
wherein the phosphor is strontium sulfide doped 
with europium, which is chemically defined as SrS: 
Eu 2 +. 

11. The light emitting diode (LED) device of claim 3, 
wherein the phosphor converting element is an 
epoxy admixed with phosphor, the reflector cup be- 
ing filled with the epoxy mixture to an extent that the 
substrate and the light emitting device are substan- 
tially submerged in the epoxy mixture. 

12. The light emitting diode (LED) device of claim 11, 
wherein the LED device is utilized for signaling pur- 
poses. 

13. The light emitting diode (LED) device of claim 11, 
further comprising a diffusion screen for display pur- 
poses. 

14. The light emitting diode (LED) device of claim 11, 
wherein the substrate is transparent to the primary 
radiation, and wherein the LED device is mounted 
in a "flip-chip" mounting configuration within the re- 
flector cup. 

15. The light emitting diode (LED) device of claim 11, 
wherein the substrate is opaque to the primary ra- 
diation, and wherein the LED device is mounted in 
a "normal" mounting configuration within the reflec- 
tor cup. 

16. The light emitting diode (LED) device of claim 3, 
wherein the phosphor converting element is an or- 
ganic luminescent dye, the reflector cup being filled 
with the dye to an extent that the substrate and the 
light emitting structure are substantially submerged 
in the dye. 

17. The light emitting diode (LED) device of claim 16, 
wherein the LED device is utilized for signaling pur- 
poses. 

18. The light emitting diode (LED) device of claim 16, 
wherein the LED device is utilized in conjunction 
with a diffusion screen for display purposes. 

19. The light emitting diode (LED) device of claim 16, 



wherein the substrate is transparent to the primary 
radiation, and wherein the LED device is mounted 
in a "flip-chip" configuration within the reflector cup. 

s 20. The light emitting diode (LED) device of claim 16, 
wherein the substrate is opaque to the primary ra- 
diation, and wherein the LED device is mounted in 
a "normal" mounting configuration within the reflec- 
tor cup. 

w 

21. The light emitting diode (LED) device of claim 1, 
wherein the phosphor converting element is aphos- 
phor-converting thin film. 

15 22. A light emitting diode (LED) device of claim 1, 
wherein the phosphor-converting element is a 
phosphor-converting substrate, the phosphor-con- 
verting substrate, the light emitting device being dis- 
posed on the phosphor-converting substrate. 
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LIGHT BEAM DISPLAY 

RELATED APPLICATION INFORMATION 

This application is a continuation of U.S. Serial No. 09/169,163 filed 
5 October 8, 1998, which in turn is a continuation-in-part of U.S. Serial No. 
08/887,947 filed on July 3, 1997, which in turn is a continuation of U.S. Serial 
No. 08/162,043 filed on February 2, 1994, now U.S. Patent No. 5,646,766. 
The disclosure of the above noted patent and applications are incorporated 
herein by reference. 

10 BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to methods and apparatus for displaying 
an image by employing a light beam or beams. 

2. Description of the Prior Art and Related Information 

15 High resolution displays have a variety of applications, including 

computer monitors, HDTV and simulators. In such applications, the primary 
considerations are resolution, maximum viewable area, cost and reliability. 
Although a number of approaches have been employed including CRT 
displays, rear projection and front projection displays, plasma displays and 

20 LCDs, none of these have been able to satisfactorily provide all the above 
desirable characteristics. In other display applications, such as control panel 
displays, and vehicle and aircraft on-board displays, resolution is of less 
importance than brightness, compact size and reliability. 

Although lasers potentially can provide many advantages for displays 

25 of both types noted above, laser based displays have not been widely 
employed. This is due in large part to limitations in the laser scanning 
engines available. One conventional approach to scanning a laser beam 
employs a rotating mirror to scan the laser beam in a linear direction as the 
mirror rotates. Typically, the mirror is configured in a polygon shape with 
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each side corresponding to one scan length of the laser beam in the linear 
direction. 

An example of such a rotating polygon laser beam scanner is 
illustrated in Figure 1 . The prior art laser beam scanning apparatus shown in 
5 Figure 1 employs a polygon shaped mirror 1 which receives a laser beam 
provided by laser 2 and deflects the laser beam in a scanning direction X as 
the polygon 1 rotates. It will be readily appreciated from inspection of the 
geometry of Figure 1 that such a rotating polygon system has the ability to 
scan the laser beam through a maximum angle of 180° with a scan line 

10 duration determined by the rotational speed of the polygon divided by N, 
where N is the number of polygon sides. Also, it will be appreciated that for 
large N the scan angle may be significantly reduced below 180°. Thus, for 
the eight sided polygon configured as illustrated in Figure 1 , the laser beam 
is scanned through an angle of about 90° with the duration of each scan line 

1 5 being 1/8 the period for one rotation of the polygon. 

The laser scanning apparatus illustrated in Figure 1 has the 
advantage of being quite simple, and is suitable for some applications. 
Nonetheless, this conventional laser scanning apparatus is not suitable for 
high resolution displays since the inherent limitations of such apparatus 

20 make it difficult to simultaneously achieve a high degree of resolution, high 
scanning speed and a large scanning angle. More specifically, a high degree 
of resolution requires a relatively large polygon with few sides. That is, if the 
laser beam is to provide accurate information as it is scanned along the scan 
direction, modulation of the laser beam as it traverses the surface of the 

25 polygon side must unambiguously provide discrete points in the scan 
direction. Thus, each side of the polygon must increase with the beam 
diameter and the number of discrete scan points (n). Therefore, high 
resolution, corresponding to a very large number (n) of discrete scan points, 
in general requires large polygon sides. This limitation is particularly 

30 significant where the scanned beam target surface is located close to the 
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polygon mirror. Also, as noted above, the scan angle is reduced as the 
number of polygon sides is increased. Therefore, high resolution and high 
scan angle require a large polygon with relatively few sides. 

The requirements of a large polygon with few sides, however, mitigate 
5 against a high scan rate and thus severely restricts resolution and/or refresh 
rate of a display based on such a laser beam scanning apparatus. As 
indicated above, scanning speed is directly related to the number of polygon 
sides. Therefore, a polygon with few sides requires very high speed rotation 
to achieve high scanning speed. Rotating a large polygon at high speed 
10 creates mechanical problems, however. In particular, high speed rotation 
introduces vibrations, stress on the moving parts, and reduced accuracy in 
the registration of the mirror relative to the laser beam. These factors 
collectively limit the rotational speed of the mirror, and hence the beam scan 
rate. 

1 5 As noted above, another category of display application of increasing 

importance requires relatively small but robust displays having good 
brightness and acceptable resolution for graphics, such as maps, and text. 
Such displays have significant applications in automobiles and other 
vehicles. In such applications, a laser based display has potential 

20 advantages due to its brightness. However, once again, the existing laser 
beam scanning apparatus are not well suited. In particular, the optical path 
of the laser beam is quite short in such applications due to the compact 
space available for the display. This requires the size of the rotating polygon 
to be increased. However, mechanical instability is associated with large 

25 rotating polygons and is a serious detriment for such applications, where 
reliability is critical. 

Accordingly, it will be appreciated that a need thus presently exists for 
an improved laser beam display apparatus. 
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SUMMARY OF THE INVENTION 

The present invention provides a display apparatus and method 
employing scanning of light beams through a large scan angle at high speed 
and with a high degree of accuracy to provide a high resolution display. The 
5 present invention further provides a light beam display apparatus having a 
relatively compact configuration for a given screen size and which is 
relatively free of vibration or other mechanical problems even at high 
resolutions and refresh rates. 

The present invention provides a laser beam display which includes a 

10 first and second plurality of light beam sources, each of which may preferably 
be an array of semiconductor lasers, providing a plurality of light beams in an 
optical path so as to simultaneously reflect off plural reflective facets of a 
movable reflector and illuminate a display screen. In a color display, each 
column of the laser array corresponds to a separate primary color and the 

1 5 separate rows of the array correspond to independently activated but 
simultaneously driven scan lines to be illuminated by the laser beam 
scanning apparatus. The plural laser beam arrays subdivide the width of the 
screen into smaller scan segments to increase the scanning angle or 
increase the horizontal scanning speed of the apparatus. A scan format 

20 employing simultaneously illuminated diagonal scan tiles provide optimal use 
of the plural laser beam arrays. 

More specifically, in a preferred embodiment the light beam scanning 
apparatus of the present invention includes an input for receiving video data 
including a plurality of horizontal lines of display information and a high 

25 speed memory for storing the video data for plural horizontal lines. First and 
second light diode arrays are provided, each comprising a plurality of rows 
and at least one column. A control circuit controls simultaneous activation of 
the light beams in accordance with the video data from plural horizontal lines 
stored in the high speed memory. An optical path including a movable 
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reflector directs the simultaneously activated plural beams from both diode 
arrays off of at least two facets of the movable reflector to the display screen. 

In a further aspect the present invention provides a method of 
displaying information on a display screen employing a plurality of light beam 
5 sources and a rotatable reflector having a plurality of reflective facets tilted at 
different angles. A first plurality of light beams are directed to a first facet of 
the movable reflector tilted at a first angle, and from the first facet to the 
display screen, from the first light beam source. A second plurality of light 
beams are directed to a second facet of the movable reflector tilted at a 

1 0 different angle, and from the second facet to the display screen, from the 
second light beam source. The reflector is rotated so as to cause the first 
and second plurality of light beams to simultaneously trace out parallel multi- 
line scan segments on the display screen. The parallel scan segments are 
displaced vertically on the screen by the tilted facets so as to provide a 

15 generally diagonal configuration on the display screen. The entire screen is 
illuminated by tiling the screen with these diagonal scan patterns as different 
tilted facets rotate into the optical path of the light beams. 

Further features and advantages of the present invention will be 
appreciated from the following detailed description of the invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a top schematic view of a prior art laser scanning 
apparatus. 

Figure 2 is a schematic drawing of a laser beam display in accordance 
5 with a preferred embodiment of the present invention. 

Figure 3 is a schematic drawing of a scan pattern in accordance with 
the operation of the laser display of the present invention. 

Figures 4A-4C are schematic drawings of a scan pattern provided in 
accordance with a preferred mode of operation of the laser beam display of 
10 the present invention. 

Figure 5 is a block schematic drawing of the circuitry of a preferred 
embodiment of the laser beam display of the present invention. 

Figure 6 is a partial cutaway view of a laser diode array in accordance 
with the present invention. 
15 Figures 7A and 7B illustrate an alternate embodiment of the present 

invention employing a fiberoptic laser beam delivery head. 

Figure 8 illustrates two fiber optic delivery heads in accordance with 
the alternate embodiment of the present invention. 
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DETAILED DESCRIPTION OF THE INVENTION 

Referring to Figure 2, a preferred embodiment of the laser beam 
display apparatus of the present invention is illustrated in a schematic 
drawing illustrating the basic structure and electronics of the embodiment. 
5 The dimensions of the structural components and optical path are not shown 
to scale in Figure 2, and the specific dimensions and layout of the optical 
path will depend upon the specific application. 

As shown in Figure 2, the laser beam scanning apparatus includes a 
multifaceted polygon reflector 32. The polygon shaped reflector 32 is 

1 0 preferably coupled to a variable speed motor 36 which provides for high 

speed rotation of the reflector 32 such that successive flat reflective facets on 
the circumference thereof are brought into reflective contact with the laser 
beams. The rotational speed of the reflector 32 is monitored by an encoder 
(not shown) which in turn provides a signal to motor control circuit (which 

15 may be included in the control electronics 220). The motor control circuitry, 
power supply and angular velocity control feedback may be as described in 
U.S. Patent No. 5,646,766 the disclosure of which is incorporated herein by 
reference. Although a wheel shaped multi-faceted reflector 32 is presently 
preferred, it will be appreciated that other forms of movable multi-sided 

20 reflectors may also be employed to consecutively bring reflective flat 

surfaces in reflective contact with the laser beams. Such alternate reflectors 
may be actuated by any number of a wide variety of electromechanical 
actuator systems, including linear and rotational motors, with a specific 
actuator system chosen to provide the desired speed of the facets for the 

25 specific application. 

The apparatus of Figure 2 further includes a first source 200 of a 
plurality of laser beams 202, which plural beams may include beams of 
different frequencies/colors as discussed in detail below, and an optical path 
for the laser beams between the laser source 200 and a display screen 206. 

30 A second source 300 of a plurality of beams 302 is also provided, with a 
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generally parallel optical path to display screen 206. As one example of a 
presently preferred embodiment the laser sources 200, 300 may each 
comprise a rectangular array of laser diodes having a plurality of rows and at 
least one column. A monochrome display may have a single column for 
5 each diode array whereas a color display may have 3 columns. A color array 
thus provides the 3 primary colors for each row. The number of rows 
corresponds to the number of parallel scan lines traced out on the display 
screen 206 by each diode array. For example, 14 rows of diodes may be 
employed. Each two-dimensional diode array 200, 300 may thus provide 

10 from 1 to 42 separate laser beams 202, 302 simultaneously (under the 
control of control electronics 220, discussed below). Other sources of a 
plurality of laser beams may also be employed. For example, a single beam 
may be split into a plurality of independently modulated beams using an 
AOM modulator, to thereby constitute a source of a plurality of beams. Such 

1 5 an approach for creating plural beams using an AOM modulator is described 
in U.S. Patent No. 5,646,766, incorporated hereby by reference. 

The optical path is configured such that the laser beams intercept the 
rotating polygon 32 in a manner so as to provide a desired scan range 
across display screen 206 as the polygon rotates. The optical path will 

20 depend on the specific application and as illustrated may employ one or 
more reflective optical elements 212 to increase the path length. Also, one 
or more lenses 214, 314, may be provided for each laser beam 202, 302 so 
as to focus the beams with a desired spot size on display screen 206. 

It will be appreciated that a variety of modifications to the optical path 

25 and optical elements illustrated in Figure 2 are possible. For example, 
additional optical elements may be provided to increase the optical path 
length or to vary the geometry to maximize scan range in a limited space 
application. Alternatively, the optical path may not require any path 
extending elements such as reflective element 212 in an application allowing 

30 a suitable geometry of beam sources 200, 300, reflector 32 and screen 206. 
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Similarly, additional focusing or collimating optical elements such as lenses 
214 may be provided to provide the desired spot size for the specific 
application. In other applications the individual focusing elements 214, 314 
may be combined for groups of diodes. For example, all the diodes in a 
5 single row of a diode array may be focused by a single optical focusing 
element 214, 314. In yet other applications, the focusing elements may be 
dispensed with if the desired spot size and resolution can be provided by the 
laser beams emitted from the diode arrays 200, 300 itself. The screen 206 
in turn may be either a reflective or transmissive screen with a transmissive 

10 diffusing screen being presently preferred for compact displays or where a 
high degree of brightness is desired. 

As further illustrated schematically in Figure 2, the laser beam sources 
200, 300 provide the plurality of laser beams, illustrated generally by beams 
202, 302 in Figure 2, simultaneously on respective facets 204,304 of the 

15 rotating reflector 32. In particular, plural beams 202 are simultaneously 
directed to respective spots or pixels on display 206 via facet 204. Plural 
beams 302 via facet 304 are in turn simultaneously directed to a different set 
of pixels on display 206. A plurality of beams from a laser source 200 or 300 
may also simultaneously illuminate a single pixel. In particular, in a color 

20 display all three diodes in a single row of the diode array may simultaneously 
illuminate a single pixel. Even in a monochrome display application plural 
beams may be combined at a single pixel to provide increased brightness. 
This combination of plural beams to plural pixels is illustrated generally in 
Figure 2 by the four laser beams simultaneously being directed to display 

25 206, each of which preferably includes plural distinct component beams of 
different frequency or color. The specific manner in which the beams 202, 
302 trace out the video data on the screen 206 will be described in more 
detail below in relation to Figures 3 and 4A-4C. 

Still referring to Figure 2, the diode arrays 200, 300 are driven by 

30 control signals provided from control electronics 220 which in turn receives 
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the video information to be displayed from video data source 100. Video 
data source 100 may comprise any source of video information to be 
displayed on display 206 and may comprise a source of analog or digital 
video signals in any of a variety of known formats. Control electronics 220 
5 converts the video data provided from source 100 to digital form if necessary 
and then to a parallel scan format adapted for the specific scan pattern 
provided by the diode arrays 200, 300, as described in more detail below. 

Referring to Figure 3, the manner in which the multiple diode arrays 
200, 300 simultaneously provide plural beams to plural facets and provide an 
10 increased scanning speed and/or scanning angle for the display, is 
illustrated. 

In Figure 3, a front view of display screen 206 is schematically 
illustrated with the usable part of the screen having a width dimension (W) 
and a height dimension (H). The display shown is for a color display, with 

1 5 three beams of different color light simultaneously activated and focused on 
each pixel 210, 310, from each of the laser sources 200, 300, respectively. 
These individual beams preferably correspond to the three primary colors 
red, blue and green to provide a color image on display 206. Thus, for the 
two sets of pixels 210, 310 illustrated in Figure 3, red, blue and green laser 

20 beams (RBG) are provided simultaneously by laser sources 200, 300. 

As shown in Figure 3, the width dimension (W) of display screen 206 
may be subdivided into plural horizontal scan segments corresponding to the 
number of diode arrays. Although two horizontal scan segments 208, 308 
are illustrated, corresponding to two diode arrays 200, 300, the number of 

25 such segments and diode arrays is not so limited and generally may be 2-10 
or greater in number. In the first horizontal scan segment 208 a first plurality 
of beams is provided from diode array 200 to plural rows of pixels 210 as 
illustrated in Figure 3 to trace out a first set of scan lines 212. At the same 
time a plurality of beams from diode array 300 illuminate plural rows of pixels 

30 310 which trace out a second set of scan lines 312 in the second horizontal 
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scan segment 308. These respective beams, scanned along plural 
horizontal scan linesby rotation of reflector 32, thus generate a first vertical 
scan segment 316. Accordingly, it will be appreciated that for rotation of the 
polygon 32 through an angular range corresponding to a single facet width, 
5 the width scanned out on the screen 208 will be double that provided by 
single source of laser beams. Accordingly, a concomitant increase in 
scanning speed and/or screen size is provided. 

The vertical range or height (H) of the display screen 208 is scanned 
out by repeating the parallel scanning for each of the vertical scan segments 

10 316. It will be appreciated that to consecutively scan the laser beams over 
the respective vertical scan segments 316, some means is required for 
shifting the beams vertically to cover the entire vertical distance H shown in 
Figure 3. Several different such means for vertically shifting the beams are 
described in U.S. Patent No. 5,646,766 the disclosure of which is 

1 5 incorporated herein by reference. 

In a presently preferred embodiment the vertical shifting of the beams 
is achieved by using facets of the rotating polygon 32 which are angled at 
differing degrees relative to the axis of rotation of the polygon 32. Each 
differing facet angle thus corresponds to a different vertical position on the 

20 display screen 206 allowing the different vertical scan segments 31 6 to be 
traced out as the laser beams 202, 302 intercept consecutive ever more tilted 
facets. Therefore, one rotation of the polygon 32 will result in all the vertical 
scan segments 316 being illuminated providing an image on the entire 
usable surface area of display screen 206. 

25 In accordance with the use of tilted facets of the rotating polygon 

reflector 32 as a means for vertically shifting the laser beams, a modification 
of the scanning format of Figure 3 is preferably employed. In particular, a 
diagonal "tiling" scan format is preferably employed. This scan format is 
illustrated in Figures 4A-4C, which Figures show consecutive sections of the 

30 screen 206 being illuminated by the laser beams in a tiling pattern. The 
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example of the diagonal tiling scan format shown in Figures 4A-4C includes 
14 rows of laser diodes being simultaneously provided from each of laser 
beam sources 200 and 300 and a rotating polygon reflector 32 having N 
facets (or an integer multiple thereof, plus any "dead" facets between 
5 frames). Each of the N facets is tilted at a different angle, the angle for each 
facet corresponding to a different vertical position on the display 206 as 
generally indicated to the left of each vertical scan segment in Figures 4A- 
4C. The numbering of the facets for Figures 4A-4C is such that facet 1 
corresponds to the facet tilted to illuminate the top of the display screen 206 

10 whereas facet N is tilted to illuminate the bottom of display screen 206. 

Referring first to Figure 4A, the scan pattern begins with a first scan 
tile 400-1 illuminated by the laser beams from the first laser beam source, 
i.e., diode array 200, striking facet 1 of the rotating polygon reflector 32 and 
being scanned across the width of a horizontal scan segment 208. In this 

15 way, for the example of a 14 row diode array 100, 14 rows of video 

information are scanned in parallel across the horizontal scan segment in the 
first tile 400-1 . The number of pixels of resolution in the horizontal direction 
depends on the video data and the particular application; for example, 320 
pixels is a specific example for a high resolution display, but fewer or greater 

20 pixels may be provided. 

Referring to Figure 4B, the scan pattern is illustrated after the rotating 
polygon reflector 32 has rotated facet 1 into the optical path of the second 
laser beam source, i.e., diode array 300, and the second facet is in the 
optical path of the first laser beam source. Rotation of the reflector at this 

25 time scans the laser beams from the first and second laser beam sources 
over the two diagonally configured tiles 400-2 illustrated in Figure 4B. This 
diagonal tiling scan pattern continues with the next consecutive tilted facet 
(facet 3) entering the optical path of the laser beam sources to illuminate 
diagonal tiles 400-3 as illustrated in Figure 4C. This pattern continues until 

30 the entire display screen 206 has been illuminated by the laser beams. As 
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used herein, the term "parallel scan segments" will refer to the tiles which are 
scanned out together in parallel, e.g., the tiles 400-2 in Figure 4B and the 
tiles 400-3 illustrated in Figure 4C. 

It will be appreciated that if additional laser beam sources are 
5 provided the tiling pattern illustrated in Figures 4A-4C will add additional 
horizontal scan segments. The diagonal tiling pattern in turn will extend 
across the entire width of the display with the number of tiles simultaneously 
illuminated equal to the number of horizontal scan segments. Thus, for 
example, if three diode arrays were employed the scan pattern 
10 corresponding to Figures 4B and 4C would include three diagonally spaced 
tiles illuminated simultaneously. Similarly, more tiles will be simultaneously 
illuminated for greater numbers of laser beam sources, which as noted above 
may be 2-10 in number or even greater if desired for the particular 
application. 

1 5 It will be appreciated by those skilled in the art that the ability to 

provide multiple tiles each multiple beams deep on display screen 208 has 
significant advantages in display applications. The above example using a 14 
x 3 rectangular diode array provides a reasonable compromise between 
scanning speed and size of the diode arrays 200, 300 and a 504 line color 

20 image could thus be provided onto the display screen 206 by 36 scans of the 
laser beams in the horizontal direction across the display screen 206. Thus, 
36 independently tilted facets could provide scanning of all 504 lines of the 
display 206 in a single rotation of rotating polygon 32. Therefore, the 
combination of the two-dimensional diode arrays 200, 300 and a multifaceted 

25 tilted facet polygon 32 allows the size and rotational velocity of the rotating 
polygon 32 to be reduced without compromising resolution or display size. It 
will be appreciated by those skilled in the art that a variety of different 
combinations of diode array dimensions and/or rotating polygon 32 
configurations may be provided depending upon the specific requirements of 

30 any given application including cost, space available for the laser beam 
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scanning apparatus, screen size desired, total number of scan lines required, 
etc. Furthermore, while a rectangular array of diodes has the advantage of 
ease of layout and adapts well to a rectilinear scanning of lines in a typical 
display application, it will be appreciated that other diode array configurations 
5 can also be employed. 

The display of the present invention has a further advantage for color 
display applications over conventional color displays. Conventional displays, 
e.g., cathode ray tube (CRT) displays, cannot provide different colors 
precisely at a single pixel region since the phosphorous employed must have 

10 different characteristics for the different colors and must be separated. 

Therefore, the individual colored pixels in CRT displays are arranged side by 
side in a manner which optically is perceived as a single pixel by the eye. 
For very high resolutions, however, the limitation of having to provide three 
separate pixel regions for each pixel of the display can negatively impact on 

1 5 the resolution of the display. The present invention, however, can place the 
three distinct color laser beams on precisely the same pixel spot, whether for 
a reflective or transmissive type display screen 208, thereby avoiding a side 
by side placement of the color pixel regions. 

Referring to Figure 5, a block schematic drawing of the control 

20 electronics 220 is illustrated. The control electronics receives a video input 
signal from the video source along line 222. As noted above, the input signal 
may be of any of a number of conventional formats, e.g., NTSC interlaced or 
progressive scan formats, and may be either analog or digital in nature. The 
signal is provided to video interface 286 which, in the case of an analog input 

25 video signal provided along line 222, will provide analog to digital conversion 
of the input signal. Video interface 286 outputs the digital video data in serial 
format along line 288 to serial to parallel converter 290. Serial to parallel 
converter 290 operates in conjunction with video RAM controller 292 to 
convert the serial video data, which may typically be in a raster scan format, 

30 to a parallel scan format corresponding to the parallel tiling scan pattern 
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illustrated in Figures 4A-4C. Video RAM controller 292 will include a high 
speed temporary memory such as a random access memory (RAM) or FIFO 
buffer of sufficient capacity to hold at least one parallel scan segment of 
video data, e.g., corresponding to two scan tiles. The video sync signals in 
5 the video data provided along line 288 in turn are passed through beam 

timing logic 294 which synchronizes the parallel scan segments with the start 
of frame and start of line signals typically provided in an analog or digital 
video signal and provides the parallel scan timing signals to the video RAM 
controller 292. The output of video RAM controller 292 in turn is provided 

1 0 independently to the red, green and blue video driver circuitry 278, 282 and 
280, respectively, in the form of digital color intensity signals to allow a gray 
scale color control for a desired palette of colors for the color display. The 
video driver circuitry in turn converts the digital color intensity signals to 
analog drive signals provided to the individual diodes in the diode array 200 

15 (or 300, not shown in Figure 5) to turn them on and off with an intensity 
related to the gray scale drive signal and provide the desired color for each 
pixel. 

Referring to Figure 6, one embodiment of the diode array 200 is 
illustrated in a perspective cutaway view (diode array 300 will be of identical 

20 structure and hence is not shown). As shown, the diode array 200 is 

provided by a compact configuration of individual laser diodes 230, e.g., color 
specific diodes, 230R, 230B and 230G. The individual laser diodes 230 are 
configured in a compact housing 240 which in turn may be mounted to a 
printed circuit board or other suitable support structure via mounting bracket 

25 242. Alternatively, adhesive or other suitable mounting techniques well 
known to those skilled in the art may be employed. As further illustrated in 
Figure 6, the individual laser diodes may preferably include a focusing lens 
cap 232 affixed to the output portion of the laser diode to provide an initial 
focusing of the laser beam. The power and control signals in turn are 

30 provided to the individual laser diodes through a suitable electrical 
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connection, such as flex circuit 250 illustrated in Figure 6. Flex circuit 250 is 
electrically and mechanically coupled to the housing 240 and individual 
diodes 230 via a plug connector 252. It will be appreciated that a variety of 
other electrical connection approaches may also be employed, however, 
5 including individual electrical connections to each laser diode 230 or 

provision of independent printed circuit boards for each column of the diode 
array. The flex circuit 250 is coupled to control electronics 220 which in turn 
is preferably configured on a printed circuit board. The control electronics 
may, however, be provided on the same circuit board which receives 
10 mounting bracket 242 or to which the housing 240 is otherwise directly 
mounted. 

Referring to Figures 7A and 7B, an alternate embodiment of the laser 
source 200 and associated electronics is illustrated which employs a fiber 
optic laser beam delivery head which may be advantageous for applications 
15 having space limitations or other constraints requiring a compact laser 
delivery head. 

As shown in Figure 7A, the fiber optic laser beam delivery head 260 
includes a bundle of optical fibers 262 arranged in a compact rectangular 
array within a housing 264. The ends of each of the optical fibers 262 may 

20 preferably include a focusing end cap element 266 as more clearly illustrated 
in Figure 7B. Although the illustration of Figure 7B is not intended to show 
the accurate optical shape of the focusing element 266, it does illustrate the 
compact manner in which it can be integrated with the optical fiber 262. 
Referring again to Figure 7A, the opposite end of each optical fiber 262 is 

25 coupled to the output of a corresponding laser diode 268. An optional 
additional collimator and focuser 270 may be provided at the output of the 
individual laser diodes 268 depending upon the length of the optical fiber 262 
and the output characteristics of the laser diodes 268. The individual laser 
diodes 268 and optional collimator/focusing elements 270 for each column of 

30 the diode array may be mounted on separate circuit boards 272, 274, 276 as 
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illustrated in Figure 7A or a single circuit board, space permitting. The length 
of the optical fibers 262 is chosen to enable the laser array delivery head 260 
to be conveniently mounted in the desired optical path relative to the display 
screen 206. The individual laser diodes 268 in turn are powered by 
5 respective red, blue, and green video driver circuitry 278, 280, 282 which 
form part of control electronics 220 as described above. The video driver 
circuitry may be configured on the same circuit boards 272, 274, 276 as the 
laser diodes or on a separate circuit board depending on the specific 
application and space requirements. 

10 Referring to Figure 8, a compact circuit board implementation of the 

laser diodes driving plural fiber optic delivery heads is illustrated. As shown, 
two fiber optic delivery heads 330, 332 are coupled to a plurality of laser 
diodes 334 via optical fibers 336. The individual laser diodes 334 may be 
configured on a single circuit board 338 as illustrated or may be split into 

1 5 separate boards depending on the space requirements of the specific 
application. Also, as in relation to the embodiment described above in 
relation to Figure 7A, optical collimator/focusing elements 340 may be 
provided between the output of the laser diodes and the optical fibers. As 
also more clearly shown in Figure 8, the control electronics splits the video 

20 driver signals for each color (red being illustrated in Figure 8) into parallel 
drive signals corresponding to the two fiber optic delivery heads 

While the foregoing detailed description of the present invention has 
been made in conjunction with specific embodiments, and specific modes of 
operation, it will be appreciated that such embodiments and modes of 

25 operation are purely for illustrative purposes and a wide number of different 
implementations of the present invention may also be made. Accordingly, 
the foregoing detailed description should not be viewed as limiting, but 
merely illustrative in nature. 



30 
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What is Claimed Is: 

1 . A light beam display apparatus, comprising: 

a display screen having a vertical and a horizontal dimension; 
5 a first plurality of light beam sources configured in an array comprising 

a plurality of rows and at least one column; 

a second plurality of light beam sources configured in an array 
comprising a plurality of rows and at least one column; 

control means for simultaneously activating said first and second 
10 plural light beam sources; and 

an optical path including a movable reflector having a plurality of 
reflective facets between the display screen and the first and second light 
beam sources for directing said simultaneously activated plural light beams 
to the display screen via respective first and second facets of the movable 
1 5 reflector to simultaneously illuminate different horizontal regions of the 
display. 

2. A light beam scanning apparatus as set in claim 1 , wherein the 
movable reflector is a rotatable polygon and wherein the light beam scanning 
apparatus further comprises a motor for rotating the polygon at a 

20 predetermined angular speed thereby bringing successive facets into the 
optical path so as to intercept the plural light beams. 

3. A light beam scanning apparatus as set in claim 1 , wherein the 
light beam sources in each column of the array correspond to a different 
color of light. 

25 4. A light beam scanning apparatus as set out in claim 3, wherein 

the array has three columns and wherein each column corresponds to a I 
light beam source having a primary color. 
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5. A light beam scanning apparatus as set out in claim 1 , wherein 
the plurality of light beam sources comprise semiconductor lasers. 

6. A light beam scanning apparatus as set out in claim 5, wherein 
the light beam sources comprise semiconductor diodes. 

7. A light beam scanning apparatus as set out in claim 1 , further 
comprising means for shifting the light beams so as to illuminate different 
vertical scan segments of the display screen. 

8. A light beam scanning apparatus as set out in claim 7, wherein 
the means for shifting comprises a plurality of reflective facets configured on 
the movable reflector tilted at differing degrees. 

9. A light beam scanning apparatus as set out in claim 8, wherein 
movable reflector is a rotating polygon and wherein the tilted facets are tilted 
relative to the axis of rotation of the polygon so as to direct the light beams to 
varying vertical scan segments on the display screen. 

10. A light beam scanning apparatus comprising: 

an input for receiving video data, the video data including a plurality of 
horizontal lines of display information; 
a display screen; 

a first plurality of light beam sources configured in an array comprising 
a plurality of rows and at least one column; 

a second plurality of light beam sources configured in an array 
comprising a plurality of rows and at least one column; 

a movable reflector having a plurality of reflective facets tilted at 
differing angles; 

a memory for storing a plurality of horizontal lines of video data; 
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a control circuit for simultaneously activating said light beam sources 
in accordance with video data from plural horizontal lines stored in said 
memory; and 

an optical path between the display screen, the movable reflector and 
5 the first and second plurality of light beam sources for directing said 

simultaneously activated plural beams to at least two facets of the movable 
reflector and to the display screen, wherein the movable reflecting scans 
each of the first and second plurality of light beams over only a portion of a 
horizontal line. 

10 11. A light beam scanning apparatus as set in claim 10, wherein 

the movable reflector is a rotatable polygon and wherein the light beam 
scanning apparatus further comprises a motor for rotating the polygon at a 
predetermined angular speed thereby bringing respective facets into the 
optical path so as to intercept the plural light beams. 

15 12. A light beam scanning apparatus as set in claim 1 0, wherein 

each of the arrays of light beam sources have plural columns which 
correspond to a different color of light. 

13. A light beam scanning apparatus as set out in claim 12, 
wherein each array has three columns and wherein each column 

20 corresponds to a light beam source of a primary color. 

14. A light beam scanning apparatus as set out in claim 10, 
wherein the plurality of light beam sources comprise semiconductor lasers. 



25 



1 5. A light beam scanning apparatus as set out in claim 1 0, 
wherein each array comprises an array of fiber optic fibers mounted in an 
array and coupled optically to respective light emitting diodes. 
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16. A method of displaying information on a display screen 
employing a plurality of light beam sources and a movable reflector having a 
plurality of reflective facets tilted at different angles, comprising the steps of: 

directing a first plurality of light beams to a first facet of the movable 
5 reflector, and from the first facet to the display screen; 

directing a second plurality of light beams to a second facet of the 
movable reflector, and from the second facet to the display screen; 

moving the reflector so as to cause the first and second plurality of 
light beams to simultaneously trace out in a first direction parallel multi-line 
10 scan segments on the display screen, the parallel scan segments being 
displaced in a second direction so as to provide a generally diagonal 
configuration on the display screen. 

17. A method as set out in claim 16, wherein said display screen 
has a generally rectangular configuration and wherein said first direction 

15 corresponds to the horizontal dimension of said screen and said second 
direction corresponds to the vertical dimension of said screen. 

18. A method as set out in claim 17, wherein the entire display is 
illuminated by sequentially illuminating parallel scan segments employing 
different sets of tilted facets in the optical path of the light beams.. 

20 1 9. A method as set out in claim 17, wherein the parallel scan 

segments comprise diagonally adjacent rectangular segments of the display 
screen. 

20. A method as set out in claim 18, wherein the parallel scan 
segments each have a plurality of different horizontal scan lines of video 
25 information. 
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LIGHT BEAM DISPLAY 

RELATED APPLICATION INFORMATION 

This application is a continuation of U.S. Serial No. 09/169,163 filed 
5 October 8, 1998, which in turn is a continuation-in-part of U.S. Serial No. 
08/887,947 filed on July 3, 1997, which in turn is a continuation of U.S. Serial 
No. 08/162,043 filed on February 2, 1994, now U.S. Patent No. 5,646,766. 
The disclosure of the above noted patent and applications are incorporated 
herein by reference. 

10 BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to methods and apparatus for displaying 
an image by employing a light beam or beams. 

2. Description of the Prior Art and Related Information 

1 5 High resolution displays have a variety of applications, including 

computer monitors, HDTV and simulators. In such applications, the primary 
considerations are resolution, maximum viewable area, cost and reliability. 
Although a number of approaches have been employed including CRT 
displays, rear projection and front projection displays, plasma displays and 

20 LCDs, none of these have been able to satisfactorily provide all the above 
desirable characteristics. In other display applications, such as control panel 
displays, and vehicle and aircraft on-board displays, resolution is of less 
importance than brightness, compact size and reliability. 

Although lasers potentially can provide many advantages for displays 

25 of both types noted above, laser based displays have not been widely 
employed. This is due in large part to limitations in the laser scanning 
engines available. One conventional approach to scanning a laser beam 
employs a rotating mirror to scan the laser beam in a linear direction as the 
mirror rotates. Typically, the mirror is configured in a polygon shape with 
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each side corresponding to one scan length of the laser beam in the linear 
direction. 

An example of such a rotating polygon laser beam scanner is 
illustrated in Figure 1 . The prior art laser beam scanning apparatus shown in 
5 Figure 1 employs a polygon shaped mirror 1 which receives a laser beam 
provided by laser 2 and deflects the laser beam in a scanning direction X as 
the polygon 1 rotates. It will be readily appreciated from inspection of the 
geometry of Figure 1 that such a rotating polygon system has the ability to 
scan the laser beam through a maximum angle of 180° with a scan line 

10 duration determined by the rotational speed of the polygon divided by N, 
where N is the number of polygon sides. Also, it will be appreciated that for 
large N the scan angle may be significantly reduced below 180°. Thus, for 
the eight sided polygon configured as illustrated in Figure 1, the laser beam 
is scanned through an angle of about 90° with the duration of each scan line 

15 being 1/8 the period for one rotation of the polygon. 

The laser scanning apparatus illustrated in Figure 1 has the 
advantage of being quite simple, and is suitable for some applications. 
Nonetheless, this conventional laser scanning apparatus is not suitable for 
high resolution displays since the inherent limitations of such apparatus 

20 make it difficult to simultaneously achieve a high degree of resolution, high 
scanning speed and a large scanning angle. More specifically, a high degree 
of resolution requires a relatively large polygon with few sides. That is, if the 
laser beam is to provide accurate information as it is scanned along the scan 
direction, modulation of the laser beam as it traverses the surface of the 

25 polygon side must unambiguously provide discrete points in the scan 
direction. Thus, each side of the polygon must increase with the beam 
diameter and the number of discrete scan points (n). Therefore, high 
resolution, corresponding to a very large number (n) of discrete scan points, 
in general requires large polygon sides. This limitation is particularly 

30 significant where the scanned beam target surface is located close to the 
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polygon mirror. Also, as noted above, the scan angle is reduced as the 
number of polygon sides is increased. Therefore, high resolution and high 
scan angle require a large polygon with relatively few sides. 

The requirements of a large polygon with few sides, however, mitigate 
5 against a high scan rate and thus severely restricts resolution and/or refresh 
rate of a display based on such a laser beam scanning apparatus. As 
indicated above, scanning speed is directly related to the number of polygon 
sides. Therefore, a polygon with few sides requires very high speed rotation 
to achieve high scanning speed. Rotating a large polygon at high speed 
10 creates mechanical problems, however. In particular, high speed rotation 
introduces vibrations, stress on the moving parts, and reduced accuracy in 
the registration of the mirror relative to the laser beam. These factors 
collectively limit the rotational speed of the mirror, and hence the beam scan 
rate. 

15 As noted above, another category of display application of increasing 

importance requires relatively small but robust displays having good 
brightness and acceptable resolution for graphics, such as maps, and text. 
Such displays have significant applications in automobiles and other 
vehicles. In such applications, a laser based display has potential 

20 advantages due to its brightness. However, once again, the existing laser 
beam scanning apparatus are not well suited. In particular, the optical path 
of the laser beam is quite short in such applications due to the compact 
space available for the display. This requires the size of the rotating polygon 
to be increased. However, mechanical instability is associated with large 

25 rotating polygons and is a serious detriment for such applications, where 
reliability is critical. 

Accordingly, it will be appreciated that a need thus presently exists for 
an improved laser beam display apparatus. 
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SUMMARY OF THE INVENTION 

The present invention provides a display apparatus and method 
employing scanning of light beams through a large scan angle at high speed 
and with a high degree of accuracy to provide a high resolution display. The 
5 present invention further provides a light beam display apparatus having a 
relatively compact configuration for a given screen size and which is 
relatively free of vibration or other mechanical problems even at high 
resolutions and refresh rates. 

The present invention provides a laser beam display which includes a 

10 first and second plurality of light beam sources, each of which may preferably 
be an array of semiconductor lasers, providing a plurality of light beams in an 
optical path so as to simultaneously reflect off plural reflective facets of a 
movable reflector and illuminate a display screen. In a color display, each 
column of the laser array corresponds to a separate primary color and the 

1 5 separate rows of the array correspond to independently activated but 
simultaneously driven scan lines to be illuminated by the laser beam 
scanning apparatus. The plural laser beam arrays subdivide the width of the 
screen into smaller scan segments to increase the scanning angle or 
increase the horizontal scanning speed of the apparatus. A scan format 

20 employing simultaneously illuminated diagonal scan tiles provide optimal use 
of the plural laser beam arrays. 

More specifically, in a preferred embodiment the light beam scanning 
apparatus of the present invention includes an input for receiving video data 
including a plurality of horizontal lines of display information and a high 

25 speed memory for storing the video data for plural horizontal lines. First and 
second light diode arrays are provided, each comprising a plurality of rows 
and at least one column. A control circuit controls simultaneous activation of 
the light beams in accordance with the video data from plural horizontal lines 
stored in the high speed memory. An optical path including a movable 
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reflector directs the simultaneously activated plural beams from both diode 
arrays off of at least two facets of the movable reflector to the display screen. 

In a further aspect the present invention provides a method of 
displaying information on a display screen employing a plurality of light beam 

5 sources and a rotatable reflector having a plurality of reflective facets tilted at 
different angles. A first plurality of light beams are directed to a first facet of 
the movable reflector tilted at a first angle, and from the first facet to the 
display screen, from the first light beam source. A second plurality of light 
beams are directed to a second facet of the movable reflector tilted at a 

1 0 different angle, and from the second facet to the display screen, from the 
second light beam source. The reflector is rotated so as to cause the first 
and second plurality of light beams to simultaneously trace out parallel multi- 
line scan segments on the display screen. The parallel scan segments are 
displaced vertically on the screen by the tilted facets so as to provide a 

15 generally diagonal configuration on the display screen. The entire screen is 
illuminated by tiling the screen with these diagonal scan patterns as different 
tilted facets rotate into the optical path of the light beams. 

Further features and advantages of the present invention will be 
appreciated from the following detailed description of the invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a top schematic view of a prior art laser scanning 
apparatus. 

Figure 2 is a schematic drawing of a laser beam display in accordance 
5 with a preferred embodiment of the present invention. 

Figure 3 is a schematic drawing of a scan pattern in accordance with 
the operation of the laser display of the present invention. 

Figures 4A-4C are schematic drawings of a scan pattern provided in 
accordance with a preferred mode of operation of the laser beam display of 
10 the present invention. 

Figure 5 is a block schematic drawing of the circuitry of a preferred 
embodiment of the laser beam display of the present invention. 

Figure 6 is a partial cutaway view of a laser diode array in accordance 
with the present invention. 
15 Figures 7A and 7B illustrate an alternate embodiment of the present 

invention employing a fiber optic laser beam delivery head. 

Figure 8 illustrates two fiber optic delivery heads in accordance with 
the alternate embodiment of the present invention. 
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DETAILED DESCRIPTION OF THE INVENTION 

Referring to Figure 2, a preferred embodiment of the laser beam 
display apparatus of the present invention is illustrated in a schematic 
drawing illustrating the basic structure and electronics of the embodiment. 
5 The dimensions of the structural components and optical path are not shown 
to scale in Figure 2, and the specific dimensions and layout of the optical 
path will depend upon the specific application. 

As shown in Figure 2, the laser beam scanning apparatus includes a 
multifaceted polygon reflector 32. The polygon shaped reflector 32 is 

10 preferably coupled to a variable speed motor 36 which provides for high 

speed rotation of the reflector 32 such that successive flat reflective facets on 
the circumference thereof are brought into reflective contact with the laser 
beams. The rotational speed of the reflector 32 is monitored by an encoder 
(not shown) which in turn provides a signal to motor control circuit (which 

15 may be included in the control electronics 220). The motor control circuitry, 
power supply and angular velocity control feedback may be as described in 
U.S. Patent No. 5,646,766 the disclosure of which is incorporated herein by 
reference. Although a wheel shaped multi-faceted reflector 32 is presently 
preferred, it will be appreciated that other forms of movable multi-sided 

20 reflectors may also be employed to consecutively bring reflective flat 

surfaces in reflective contact with the laser beams. Such alternate reflectors 
may be actuated by any number of a wide variety of electromechanical 
actuator systems, including linear and rotational motors, with a specific 
actuator system chosen to provide the desired speed of the facets for the 

25 specific application. 

The apparatus of Figure 2 further includes a first source 200 of a 
plurality of laser beams 202, which plural beams may include beams of 
different frequencies/colors as discussed in detail below, and an optical path 
for the laser beams between the laser source 200 and a display screen 206. 

30 A second source 300 of a plurality of beams 302 is also provided, with a 
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generally parallel optical path to display screen 206. As one example of a 
presently preferred embodiment the laser sources 200, 300 may each 
comprise a rectangular array of laser diodes having a plurality of rows and at 
least one column. A monochrome display may have a single column for 
5 each diode array whereas a color display may have 3 columns. A color array 
thus provides the 3 primary colors for each row. The number of rows 
corresponds to the number of parallel scan lines traced out on the display 
screen 206 by each diode array. For example, 14 rows of diodes may be 
employed. Each two-dimensional diode array 200, 300 may thus provide 

10 from 1 to 42 separate laser beams 202, 302 simultaneously (under the 
control of control electronics 220, discussed below). Other sources of a 
plurality of laser beams may also be employed. For example, a single beam 
may be split into a plurality of independently modulated beams using an 
AOM modulator, to thereby constitute a source of a plurality of beams. Such 

15 an approach for creating plural beams using an AOM modulator is described 
in U.S. Patent No. 5,646,766, incorporated hereby by reference. 

The optical path is configured such that the laser beams intercept the 
rotating polygon 32 in a manner so as to provide a desired scan range 
across display screen 206 as the polygon rotates. The optical path will 

20 depend on the specific application and as illustrated may employ one or 
more reflective optical elements 212 to increase the path length. Also, one 
or more lenses 214, 314, may be provided for each laser beam 202, 302 so 
as to focus the beams with a desired spot size on display screen 206. 

It will be appreciated that a variety of modifications to the optical path 

25 and optical elements illustrated in Figure 2 are possible. For example, 
additional optical elements may be provided to increase the optical path 
length or to vary the geometry to maximize scan range in a limited space 
application. Alternatively, the optical path may not require any path 
extending elements such as reflective element 212 in an application allowing 

30 a suitable geometry of beam sources 200, 300, reflector 32 and screen 206. 
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Similarly, additional focusing or collimating optical elements such as lenses 
214 may be provided to provide the desired spot size for the specific 
application. In other applications the individual focusing elements 214, 314 
may be combined for groups of diodes. For example, all the diodes in a 
5 single row of a diode array may be focused by a single optical focusing 
element 214, 314. In yet other applications, the focusing elements may be 
dispensed with if the desired spot size and resolution can be provided by the 
laser beams emitted from the diode arrays 200, 300 itself. The screen 206 
in turn may be either a reflective or transmissive screen with a transmissive 

10 diffusing screen being presently preferred for compact displays or where a 
high degree of brightness is desired. 

As further illustrated schematically in Figure 2, the laser beam sources 
200, 300 provide the plurality of laser beams, illustrated generally by beams 
202, 302 in Figure 2, simultaneously on respective facets 204,304 of the 

15 rotating reflector 32. In particular, plural beams 202 are simultaneously 
directed to respective spots or pixels on display 206 via facet 204. Plural 
beams 302 via facet 304 are in turn simultaneously directed to a different set 
of pixels on display 206. A plurality of beams from a laser source 200 or 300 
may also simultaneously illuminate a single pixel. In particular, in a color 

20 display all three diodes in a single row of the diode array may simultaneously 
illuminate a single pixel. Even in a monochrome display application plural 
beams may be combined at a single pixel to provide increased brightness. 
This combination of plural beams to plural pixels is illustrated generally in 
Figure 2 by the four laser beams simultaneously being directed to display 

25 206, each of which preferably includes plural distinct component beams of 
different frequency or color. The specific manner in which the beams 202, 
302 trace out the video data on the screen 206 will be described in more 
detail below in relation to Figures 3 and 4A-4C. 

Still referring to Figure 2, the diode arrays 200, 300 are driven by 

30 control signals provided from control electronics 220 which in turn receives 
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the video information to be displayed from video data source 100. Video 
data source 100 may comprise any source of video information to be 
displayed on display 206 and may comprise a source of analog or digital 
video signals in any of a variety of known formats. Control electronics 220 
5 converts the video data provided from source 100 to digital form if necessary 
and then to a parallel scan format adapted for the specific scan pattern 
provided by the diode arrays 200, 300, as described in more detail below. 

Referring to Figure 3, the manner in which the multiple diode arrays 
200, 300 simultaneously provide plural beams to plural facets and provide an 
10 increased scanning speed and/or scanning angle for the display, is 
illustrated. 

In Figure 3, a front view of display screen 206 is schematically 
illustrated with the usable part of the screen having a width dimension (W) 
and a height dimension (H). The display shown is for a color display, with 

1 5 three beams of different color light simultaneously activated and focused on 
each pixel 210, 310, from each of the laser sources 200, 300, respectively. 
These individual beams preferably correspond to the three primary colors 
red, blue and green to provide a color image on display 206. Thus, for the 
two sets of pixels 210, 310 illustrated in Figure 3, red, blue and green laser 

20 beams (RBG) are provided simultaneously by laser sources 200, 300. 

As shown in Figure 3, the width dimension (W) of display screen 206 
may be subdivided into plural horizontal scan segments corresponding to the 
number of diode arrays. Although two horizontal scan segments 208, 308 
are illustrated, corresponding to two diode arrays 200, 300, the number of 

25 such segments and diode arrays is not so limited and generally may be 2-10 
or greater in number. In the first horizontal scan segment 208 a first plurality 
of beams is provided from diode array 200 to plural rows of pixels 210 as 
illustrated in Figure 3 to trace out a first set of scan lines 212. At the same 
time a plurality of beams from diode array 300 illuminate plural rows of pixels 

30 310 which trace out a second set of scan lines 312 in the second horizontal 
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scan segment 308. These respective beams, scanned along plural 
horizontal scan linesby rotation of reflector 32, thus generate a first vertical 
scan segment 316. Accordingly, it will be appreciated that for rotation of the 
polygon 32 through an angular range corresponding to a single facet width, 
5 the width scanned out on the screen 208 will be double that provided by 
single source of laser beams. Accordingly, a concomitant increase in 
scanning speed and/or screen size is provided. 

The vertical range or height (H) of the display screen 208 is scanned 
out by repeating the parallel scanning for each of the vertical scan segments 

10 316. It will be appreciated that to consecutively scan the laser beams over 
the respective vertical scan segments 316, some means is required for 
shifting the beams vertically to cover the entire vertical distance H shown in 
Figure 3. Several different such means for vertically shifting the beams are 
described in U.S. Patent No. 5,646,766 the disclosure of which is 

15 incorporated herein by reference. 

In a presently preferred embodiment the vertical shifting of the beams 
is achieved by using facets of the rotating polygon 32 which are angled at 
differing degrees relative to the axis of rotation of the polygon 32. Each 
differing facet angle thus corresponds to a different vertical position on the 

20 display screen 206 allowing the different vertical scan segments 316 to be 
traced out as the laser beams 202, 302 intercept consecutive ever more tilted 
facets. Therefore, one rotation of the polygon 32 will result in all the vertical 
scan segments 316 being illuminated providing an image on the entire 
usable surface area of display screen 206. 

25 In accordance with the use of tilted facets of the rotating polygon 

reflector 32 as a means for vertically shifting the laser beams, a modification 
of the scanning format of Figure 3 is preferably employed. In particular, a 
diagonal "tiling" scan format is preferably employed. This scan format is 
illustrated in Figures 4A-4C, which Figures show consecutive sections of the 

30 screen 206 being illuminated by the laser beams in a tiling pattern. The 
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example of the diagonal tiling scan format shown in Figures 4A-4C includes 
14 rows of laser diodes being simultaneously provided from each of laser 
beam sources 200 and 300 and a rotating polygon reflector 32 having N 
facets (or an integer multiple thereof, plus any "dead" facets between 
5 frames). Each of the N facets is tilted at a different angle, the angle for each 
facet corresponding to a different vertical position on the display 206 as 
generally indicated to the left of each vertical scan segment in Figures 4A- 
4C. The numbering of the facets for Figures 4A-4C is such that facet 1 
corresponds to the facet tilted to illuminate the top of the display screen 206 

10 whereas facet N is tilted to illuminate the bottom of display screen 206. 

Referring first to Figure 4A, the scan pattern begins with a first scan 
tile 400-1 illuminated by the laser beams from the first laser beam source, 
i.e., diode array 200, striking facet 1 of the rotating polygon reflector 32 and 
being scanned across the width of a horizontal scan segment 208. In this 

15 way, for the example of a 14 row diode array 100, 14 rows of video 

information are scanned in parallel across the horizontal scan segment in the 
first tile 400-1 . The number of pixels of resolution in the horizontal direction 
depends on the video data and the particular application; for example, 320 
pixels is a specific example for a high resolution display, but fewer or greater 

20 pixels may be provided. 

Referring to Figure 4B, the scan pattern is illustrated after the rotating 
polygon reflector 32 has rotated facet 1 into the optical path of the second 
laser beam source, i.e., diode array 300, and the second facet is in the 
optical path of the first laser beam source. Rotation of the reflector at this 

25 time scans the laser beams from the first and second laser beam sources 
over the two diagonally configured tiles 400-2 illustrated in Figure 4B. This 
diagonal tiling scan pattern continues with the next consecutive tilted facet 
(facet 3) entering the optical path of the laser beam sources to illuminate 
diagonal tiles 400-3 as illustrated in Figure 4C. This pattern continues until 

30 the entire display screen 206 has been illuminated by the laser beams. As 
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used herein, the term "parallel scan segments" will refer to the tiles which are 
scanned out together in parallel, e.g., the tiles 400-2 in Figure 4B and the 
tiles 400-3 illustrated in Figure 4C. 

It will be appreciated that if additional laser beam sources are 
5 provided the tiling pattern illustrated in Figures 4A-4C will add additional 
horizontal scan segments. The diagonal tiling pattern in turn will extend 
across the entire width of the display with the number of tiles simultaneously 
illuminated equal to the number of horizontal scan segments. Thus, for 
example, if three diode arrays were employed the scan pattern 
10 corresponding to Figures 4B and 4C would include three diagonally spaced 
tiles illuminated simultaneously. Similarly, more tiles will be simultaneously 
illuminated for greater numbers of laser beam sources, which as noted above 
may be 2-10 in number or even greater if desired for the particular 
application. 

1 5 It will be appreciated by those skilled in the art that the ability to 

provide multiple tiles each multiple beams deep on display screen 208 has 
significant advantages in display applications. The above example using a 14 
x 3 rectangular diode array provides a reasonable compromise between 
scanning speed and size of the diode arrays 200, 300 and a 504 line color 

20 image could thus be provided onto the display screen 206 by 36 scans of the 
laser beams in the horizontal direction across the display screen 206. Thus, 
36 independently tilted facets could provide scanning of all 504 lines of the 
display 206 in a single rotation of rotating polygon 32. Therefore, the 
combination of the two-dimensional diode arrays 200, 300 and a multifaceted 

25 tilted facet polygon 32 allows the size and rotational velocity of the rotating 
polygon 32 to be reduced without compromising resolution or display size. It 
will be appreciated by those skilled in the art that a variety of different 
combinations of diode array dimensions and/or rotating polygon 32 
configurations may be provided depending upon the specific requirements of 

30 any given application including cost, space available for the laser beam 
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scanning apparatus, screen size desired, total number of scan lines required, 
etc. Furthermore, while a rectangular array of diodes has the advantage of 
ease of layout and adapts well to a rectilinear scanning of lines in a typical 
display application, it will be appreciated that other diode array configurations 
5 can also be employed. 

The display of the present invention has a further advantage for color 
display applications over conventional color displays. Conventional displays, 
e.g., cathode ray tube (CRT) displays, cannot provide different colors 
precisely at a single pixel region since the phosphorous employed must have 

1 0 different characteristics for the different colors and must be separated. 

Therefore, the individual colored pixels in CRT displays are arranged side by 
side in a manner which optically is perceived as a single pixel by the eye. 
For very high resolutions, however, the limitation of having to provide three 
separate pixel regions for each pixel of the display can negatively impact on 

1 5 the resolution of the display. The present invention, however, can place the 
three distinct color laser beams on precisely the same pixel spot, whether for 
a reflective or transmissive type display screen 208, thereby avoiding a side 
by side placement of the color pixel regions. 

Referring to Figure 5, a block schematic drawing of the control 

20 electronics 220 is illustrated. The control electronics receives a video input 
signal from the video source along line 222. As noted above, the input signal 
may be of any of a number of conventional formats, e.g., NTSC interlaced or 
progressive scan formats, and may be either analog or digital in nature. The 
signal is provided to video interface 286 which, in the case of an analog input 

25 video signal provided along line 222, will provide analog to digital conversion 
of the input signal. Video interface 286 outputs the digital video data in serial 
format along line 288 to serial to parallel converter 290. Serial to parallel 
converter 290 operates in conjunction with video RAM controller 292 to 
convert the serial video data, which may typically be in a raster scan format, 

30 to a parallel scan format corresponding to the parallel tiling scan pattern 
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illustrated in Figures 4A-4C. Video RAM controller 292 will include a high 
speed temporary memory such as a random access memory (RAM) or FIFO 
buffer of sufficient capacity to hold at least one parallel scan segment of 
video data, e.g., corresponding to two scan tiles. The video sync signals in 
5 the video data provided along line 288 in turn are passed through beam 

timing logic 294 which synchronizes the parallel scan segments with the start 
of frame and start of line signals typically provided in an analog or digital 
video signal and provides the parallel scan timing signals to the video RAM 
controller 292. The output of video RAM controller 292 in turn is provided 

10 independently to the red, green and blue video driver circuitry 278, 282 and 
280, respectively, in the form of digital color intensity signals to allow a gray 
scale color control for a desired palette of colors for the color display. The 
video driver circuitry in turn converts the digital color intensity signals to 
analog drive signals provided to the individual diodes in the diode array 200 

15 (or 300, not shown in Figure 5) to turn them on and off with an intensity 
related to the gray scale drive signal and provide the desired color for each 
pixel. 

Referring to Figure 6, one embodiment of the diode array 200 is 
illustrated in a perspective cutaway view (diode array 300 will be of identical 

20 structure and hence is not shown). As shown, the diode array 200 is 

provided by a compact configuration of individual laser diodes 230, e.g., color 
specific diodes, 230R, 230B and 230G. The individual laser diodes 230 are 
configured in a compact housing 240 which in turn may be mounted to a 
printed circuit board or other suitable support structure via mounting bracket 

25 242. Alternatively, adhesive or other suitable mounting techniques well 
known to those skilled in the art may be employed. As further illustrated in 
Figure 6, the individual laser diodes may preferably include a focusing lens 
cap 232 affixed to the output portion of the laser diode to provide an initial 
focusing of the laser beam. The power and control signals in turn are 

30 provided to the individual laser diodes through a suitable electrical 
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connection, such as flex circuit 250 illustrated in Figure 6. Flex circuit 250 is 
electrically and mechanically coupled to the housing 240 and individual 
diodes 230 via a plug connector 252. It will be appreciated that a variety of 
other electrical connection approaches may also be employed, however, 
5 including individual electrical connections to each laser diode 230 or 

provision of independent printed circuit boards for each column of the diode 
array. The flex circuit 250 is coupled to control electronics 220 which in turn 
is preferably configured on a printed circuit board. The control electronics 
may, however, be provided on the same circuit board which receives 
1 0 mounting bracket 242 or to which the housing 240 is otherwise directly 
mounted. 

Referring to Figures 7A and 7B, an alternate embodiment of the laser 
source 200 and associated electronics is illustrated which employs a fiber 
optic laser beam delivery head which may be advantageous for applications 
1 5 having space limitations or other constraints requiring a compact laser 
delivery head. 

As shown in Figure 7A, the fiber optic laser beam delivery head 260 
includes a bundle of optical fibers 262 arranged in a compact rectangular 
array within a housing 264. The ends of each of the optical fibers 262 may 

20 preferably include a focusing end cap element 266 as more clearly illustrated 
in Figure 7B. Although the illustration of Figure 7B is not intended to show 
the accurate optical shape of the focusing element 266, it does illustrate the 
compact manner in which it can be integrated with the optical fiber 262. 
Referring again to Figure 7A, the opposite end of each optical fiber 262 is 

25 coupled to the output of a corresponding laser diode 268. An optional 
additional collimator and focuser 270 may be provided at the output of the 
individual laser diodes 268 depending upon the length of the optical fiber 262 
and the output characteristics of the laser diodes 268. The individual laser 
diodes 268 and optional collimator/focusing elements 270 for each column of 

30 the diode array may be mounted on separate circuit boards 272, 274, 276 as 
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illustrated in Figure 7A or a single circuit board, space permitting. The length 
of the optical fibers 262 is chosen to enable the laser array delivery head 260 
to be conveniently mounted in the desired optical path relative to the display 
screen 206. The individual laser diodes 268 in turn are powered by 
5 respective red, blue, and green video driver circuitry 278, 280, 282 which 
form part of control electronics 220 as described above. The video driver 
circuitry may be configured on the same circuit boards 272, 274, 276 as the 
laser diodes or on a separate circuit board depending on the specific 
application and space requirements. 

10 Referring to Figure 8, a compact circuit board implementation of the 

laser diodes driving plural fiber optic delivery heads is illustrated. As shown, 
two fiber optic delivery heads 330, 332 are coupled to a plurality of laser 
diodes 334 via optical fibers 336. The individual laser diodes 334 may be 
configured on a single circuit board 338 as illustrated or may be split into 

15 separate boards depending on the space requirements of the specific 
application. Also, as in relation to the embodiment described above in 
relation to Figure 7A, optical collimator/focusing elements 340 may be 
provided between the output of the laser diodes and the optical fibers. As 
also more clearly shown in Figure 8, the control electronics splits the video 

20 driver signals for each color (red being illustrated in Figure 8) into parallel 
drive signals corresponding to the two fiber optic delivery heads 

While the foregoing detailed description of the present invention has 
been made in conjunction with specific embodiments, and specific modes of 
operation, it will be appreciated that such embodiments and modes of 

25 operation are purely for illustrative purposes and a wide number of different 
implementations of the present invention may also be made. Accordingly, 
the foregoing detailed description should not be viewed as limiting, but 
merely illustrative in nature. 



30 
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What is Claimed Is: 

1 . A light beam display apparatus, comprising: 

a display screen having a vertical and a horizontal dimension; 
5 a first plurality of light beam sources configured in an array comprising 

a plurality of rows and at least one column; 

a second plurality of light beam sources configured in an array 
comprising a plurality of rows and at least one column; 

control means for simultaneously activating said first and second 
10 plural light beam sources; and 

an optical path including a movable reflector having a plurality of 
reflective facets between the display screen and the first and second light 
beam sources for directing said simultaneously activated plural light beams 
to the display screen via respective first and second facets of the movable 
1 5 reflector to simultaneously illuminate different horizontal regions of the 
display. 

2. A light beam scanning apparatus as set in claim 1 , wherein the 
movable reflector is a rotatable polygon and wherein the light beam scanning 
apparatus further comprises a motor for rotating the polygon at a 

20 predetermined angular speed thereby bringing successive facets into the 
optical path so as to intercept the plural light beams. 

3. A light beam scanning apparatus as set in claim 1 , wherein the 
light beam sources in each column of the array correspond to a different 
color of light. 

25 4. A light beam scanning apparatus as set out in claim 3, wherein 

the array has three columns and wherein each column corresponds to a I 
light beam source having a primary color. 
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5. A light beam scanning apparatus as set out in claim 1 , wherein 
the plurality of light beam sources comprise semiconductor lasers. 

6. A light beam scanning apparatus as set out in claim 5, wherein 
the light beam sources comprise semiconductor diodes. 

7. A light beam scanning apparatus as set out in claim 1 , further 
comprising means for shifting the light beams so as to illuminate different 
vertical scan segments of the display screen. 

8. A light beam scanning apparatus as set out in claim 7, wherein 
the means for shifting comprises a plurality of reflective facets configured on 
the movable reflector tilted at differing degrees. 

9. A light beam scanning apparatus as set out in claim 8, wherein 
movable reflector is a rotating polygon and wherein the tilted facets are tilted 
relative to the axis of rotation of the polygon so as to direct the light beams to 
varying vertical scan segments on the display screen. 

10. A light beam scanning apparatus comprising: 

an input for receiving video data, the video data including a plurality of 
horizontal lines of display information; 
a display screen; 

a first plurality of light beam sources configured in an array comprising 
a plurality of rows and at least one column; 

a second plurality of light beam sources configured in an array 
comprising a plurality of rows and at least one column; 

a movable reflector having a plurality of reflective facets tilted at 
differing angles; 

a memory for storing a plurality of horizontal lines of video data; 
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a control circuit for simultaneously activating said light beam sources 
in accordance with video data from plural horizontal lines stored in said 
memory; and 

an optical path between the display screen, the movable reflector and 
5 the first and second plurality of light beam sources for directing said 

simultaneously activated plural beams to at least two facets of the movable 
reflector and to the display screen, wherein the movable reflecting scans 
each of the first and second plurality of light beams over only a portion of a 
horizontal line. 

10 11. A light beam scanning apparatus as set in claim 1 0, wherein 

the movable reflector is a rotatable polygon and wherein the light beam 
scanning apparatus further comprises a motor for rotating the polygon at a 
predetermined angular speed thereby bringing respective facets into the 
optical path so as to intercept the plural light beams. 

15 12. A light beam scanning apparatus as set in claim 10, wherein 

each of the arrays of light beam sources have plural columns which 
correspond to a different color of light. 

13. A light beam scanning apparatus as set out in claim 12, 
wherein each array has three columns and wherein each column 

20 corresponds to a light beam source of a primary color. 

14. A light beam scanning apparatus as set out in claim 10, 
wherein the plurality of light beam sources comprise semiconductor lasers. 



25 



1 5. A light beam scanning apparatus as set out in claim 1 0, 
wherein each array comprises an array of fiber optic fibers mounted in an 
array and coupled optically to respective light emitting diodes. 
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16. A method of displaying information on a display screen 
employing a plurality of light beam sources and a movable reflector having a 
plurality of reflective facets tilted at different angles, comprising the steps of: 

directing a first plurality of light beams to a first facet of the movable 
5 reflector, and from the first facet to the display screen; 

directing a second plurality of light beams to a second facet of the 
movable reflector, and from the second facet to the display screen; 

moving the reflector so as to cause the first and second plurality of 
light beams to simultaneously trace out in a first direction parallel multi-line 
10 scan segments on the display screen, the parallel scan segments being 
displaced in a second direction so as to provide a generally diagonal 
configuration on the display screen. 

17. A method as set out in claim 16, wherein said display screen 
has a generally rectangular configuration and wherein said first direction 

15 corresponds to the horizontal dimension of said screen and said second 
direction corresponds to the vertical dimension of said screen. 

18. A method as set out in claim 1 7, wherein the entire display is 
illuminated by sequentially illuminating parallel scan segments employing 
different sets of tilted facets in the optical path of the light beams.. 

20 1 9. A method as set out in claim 1 7, wherein the parallel scan 

segments comprise diagonally adjacent rectangular segments of the display 
screen. 

20. A method as set out in claim 18, wherein the parallel scan 
segments each have a plurality of different horizontal scan lines of video 
25 information. 
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LIGHT EMITTING DEVICE WITH PHOSPHOR HAVING HIGH LUMINOUS 

EFFICACY 



BACKGROUND 

Field of the Invention 

5 This invention relates generally to light emitting devices, and more 

particularly to a lamp which produces white light from a light emitting diode 
and a phosphor composition. 

Description of the Related Art 

In recent years, significant improvements have been made in the 
1 0 fabrication of light emitting semiconductor devices which emit radiation in 
the shorter wavelengths. For example, Nichia Chemical Industries Ltd. in 
Japan has produced light emitting diodes and laser diodes which emit light in 
the blue and ultraviolet (UV) wavelengths. Nichia has also produced a light 
source which includes a blue light emitting diode (LED) and a phosphor. The 
1 5 phosphor, yttrium-aluminum-garnet doped with trivalent cerium, converts a 
portion of the blue light into a broad yellow emission. The blue and yellow 
light together produce white light having a color temperature of about 6ooo- 
8ooo° K and a color rendering index (CRI) of about 77. 

The Nichia light source, however, has a device luminous efficacy of only 
20 about 5 lumens per watt of input electric power. Thus, the luminous flux 
output by the Nichia lamp is relatively small, particularly if the input electric 
power is limited, e.g. by battery power. It would be desirable, therefore, to 
have a light source with a higher device luminous efficacy and luminous flux 
output for improved performance. 

25 
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SUMMARY 

A lamp, according to an exemplary embodiment of the invention, comprises a 
light emitting element such as a light emitting diode or a laser diode which 
emits blue light, and a phosphor composition which absorbs the blue light 
5 having a first spectrum from the light emitting element and emits light having 
a second spectrum. The phosphor composition comprises at least one of 
Ba 2 MgSi 2 0 7 :Eu 2+ ; Ba 2 Si0 4 :Eu 2+ ; and (Sr,Ca,Ba)(Al,Ga) 2 S 4 :Eu 2+ . 

The invention also relates to a light emitting element which emits blue light, 
and a phosphor composition which absorbs the blue light from the light 

10 emitting element having a first spectrum and emits light having a second 
spectrum, wherein the spectral luminous efficacy of light emitted by the lamp 
is at least 550 lumens per watt of radiant power. The high spectral luminous 
efficacy of the output spectrum efficiently converts the power input to the 
lamp into lumens to provide a high brightness. For example the device 

15 luminous efficacy of the lamp can be 35-45 lumens per watt of input electric 
power or more. 

The lamp is particularly useful as a flashlight where brightness may be an 
important characteristic of the lamp, input power may be limited, and color 
rendering is less important. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other features and advantages of the invention will be apparent from the 
following detailed description and the accompanying drawings, in which: 

Figure 1 is a graph of spectral luminous efficiency which shows the sensitivity 
25 of the human eye to different wavelengths of light; 

Figure 2 is a diagram which illustrates the relationship between input power, 
radiant power, and luminous flux for a light source; 

2 
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Figure 3 is a drawing of a typical light emitting diode; 

Figure 4 illustrates a lamp which includes a phosphor composition and a light 
source such as a light emitting diode; 

Figure 5 is a graph of the emission spectrum of the phosphor 
Ba 2 MgSi 2 0 7 :Eu 2+ ; 

Figure 6 is a graph of the emission spectrum of the phosphor Ba 2 Si0 4 :Eu 2+ ; 
and 

Figure 7 is a graph of the emission spectrum of the phosphor 
(Sr,Ca,Ba)(Al,Ga) 2 S 4 :Eu 2+ . 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

As is known in the art, the human eye is more sensitive to certain wavelengths 
of light than others. This phenomenon was studied carefully by the 
Commission International de l'Eclairage (CIE), which created a standard in 
1931 known as "the standard observer" based on a large number of 
observations of the responses of the human eye to light. The standard 
observer represents the average values of eye sensitivity of a number of 
individuals as a function of wavelength, and has a maximum value at 555 
nanometers (nm), and falls to zero at about 380 nm (ultraviolet) and 780 nm 
(infrared). The variable sensitivity of the human eye, as represented in the 
standard observer, is plotted in Figure 1, which shows the spectral luminous 
efficiency V(A,) as a function of wavelength X. 

The spectral luminous efficiency V(X) is important in many lighting 
applications, because it can have a large effect on the luminous flux, measured 
in lumens, output by a light source. Luminous flux refers to the time rate of 
flow of radiant energy (i.e. radiant power) evaluated according to its capacity 
to produce visual sensation. Radiant power refers to the energy per unit time 
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radiated by the light source. Luminous flux is different from the radiant 
power because of the variable sensitivity of the eye to different wavelengths of 
light. For example, a green light source which emits the same radiant power 
as red light source will have a higher luminous flux because the eye is more 
5 sensitive to green light than to red light- This principle is illustrated in Figure 
2, which shows the luminous flux as a function of wavelength produced by a 
radiant power spectrum which is equal for all visible wavelengths. 

The luminous flux L can be calculated by integrating the product of the 
radiant power ?(X) and the luminous efficiency V(A,) over the desired 
1 0 wavelength range as follows: 

k\p(A)V{A)dA (l) 

where the coefficient k is the maximum luminous efficacy factor, equal to 683 
1 5 lumens per watt Qpw) at 555 nm. The maximum luminous efficiency factor k 
converts watts into lumens. 

Another variable which is commonly used in characterizing an output 
spectrum is the spectral luminous efficacy. The spectral luminous efficacy 
quantifies the effectiveness of an output spectrum at generating lumens from 

20 radiant power. The spectral luminous efficacy is conventionally defined as the 
luminous flux divided by the radiant power output by a light source. An 
output spectrum containing only the wavelength 555 nm has the greatest 
luminous efficacy, i.e. 683 lumens per watt. The spectral luminous efficacy of 
the visible light emitted by an incandescent bulb is typically about 300 lumens 

25 per watt. 

According to exemplary embodiments of the invention, the output spectrum 
of a lamp is designed to provide a high spectral luminous efficacy by 
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concentrating the output spectrum around the most sensitive region of the 
luminous efficiency curve of Figure l. In this way, the integral of equation (l), 
which represents the luminous flux output by the light source, is increased 
without increasing the power input to the light source. 

5 According to exemplary embodiments of the invention, the light source 
comprises a light emitting device, such as an LED or a laser diode, which 
emits blue light and a phosphor which absorbs the blue light and emits green 
light. The phosphor is selected to emit green light having an output spectrum 
concentrated on the most sensitive region of the luminous efficiency curve of 
10 Figure l. 

The blue light emitted by the LED typically has an emission peak at a 
wavelength greater than 400, typically between 400 and 520 nm, more 
typically between about 450 and about 470 nm. The full width half maximum 
value of the blue light emitted by the LED is typically less than about 70 nm, 
1 5 more typically less than about 50 nm, optionally less than about 20 nm. 

As is known in the art, a blue LED may be manufactured by depositing various 
layers of semiconductor materials on a substrate. A know group of 
semiconductor materials which is useful in forming light-emitting devices is 
the gallium nitride (GaN) system. The gallium nitride system refers to 

20 semiconductor materials comprising one or more of the group III nitrides, 
gallium nitride (GaN), aluminum nitride (A1N), and indium nitride (InN). 
The GaN system allows various wavelengths of light, particularly the shorter 
wavelengths, to be produced based on the relative amounts of GaN, A1N, and 
InN in the composition. The GaN system also typically provides the 

25 advantages of a relatively high radiant power output, and a smaller 
temperature sensitivity, as compared with conventional green emitting LEDs. 

Figure 3 illustrates an example of an LED 10. The exemplary LED includes a 
substrate 20, an n-type GaN layer 30, a layer 40 of indium gallium nitride 
(InGaN) which may form a single or multiple quantum well, a p-type 
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aluminum gallium nitride (AlGaN) layer 50, a p-type GaN layer 60, a positive 
contact 70, and a negative contact 80. The various semiconductor layers 30, 
40, 50, and 60 are typically deposited on one another by chemical vapor 
deposition (CVD). In general, each layer may comprise In x GayAl(i-x- y )N, where 
o<x<i and o<y<i. Although an LED is shown in Figure 3 as an example, the 
invention encompasses other light emitting devices such as laser diodes. In 
addition, semiconductor materials other than the GaN system can be used, 
such as gallium arsenide (GaAs) and its alloys, silicon, and silicon carbide 
(SiC). 

Other examples of LEDs and laser diodes which emit in the blue wavelengths 
are known in the art. See, for example, U. S. Patent Nos. 5,813,753; 5,813,752; 
5,338,944; 5,416,342; 5,604,763; and 5,644,584- LEDs and laser diodes 
which emit blue and UV radiation are also described in Shuji Nakamura and 
Gerhard Fasol, "The Blue Laser Diode" (1997). 

Figure 4 illustrates a lighting apparatus according to an exemplary 
embodiment of the invention. The lighting apparatus 200 includes a light 
source 210 which may be an LED or a laser diode, for example, powered by 
leads 212, 214. The light source 210 and a portion of the leads 212, 214 are 
encapsulated within a transmissive body 220 which may comprise a silicone, 
glass, or plastic material, for example. 

The phosphor composition 230 may be formed on an outer surface of the 
transmissive body 230, as shown in Figure 4, or directly on the light source 
210 within the transmissive body 230. To apply the phosphor composition to 
the transmissive body 230 or light source 210, the phosphor composition may 
be added to a liquid suspension medium, such as the nitrocellulose/butyl 
acetate binder and solvent solution used in commercial lacquers. Many other 
liquids including water with a suitable dispersant and thickener or binder, 
such as polyethylene oxide, can be used. The phosphor-containing suspension 
is painted or coated or otherwise applied on the LED and dried. The lighting 
apparatus 200 may also include a plurality of scattering particles, such as 
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titanium dioxide (Ti0 2 ) or aluminum oxide (A1 2 0 3 ) particles, embedded in the 
transmissive body 230, for example if a laser diode is used as the light source 
210. 

Upon application of a current to the leads 212, 214, the LED produces a blue 
5 light which is converted by the phosphor composition 230 to green light. The 
blue light emitted by the LED or laser diode can efficiently excite the green- 
emitting phosphors. According to exemplary embodiments of the invention, 
one or more of the following phosphors are used: Ba 2 MgSi 2 0 7 :Eu 2+ ; 
Ba 2 Si0 4 :Eu 2+ ; and (Sr,Ca,Ba)(Al,Ga) 2 S 4 :Eu 2+ . 

10 In the above phosphors, the element following the colon represents an 
activator. The notation (A,B,C) signifies (A x ,B y ,C z ) where o<x<i and o<y<i and 
o^z<i and x+y+z=i. For example, (Sr,Ca,Ba) signifies (Sr x ,Ca y ,Baz) where 
o<x<i and o<y<i and o<z<i and x+y+z=i. Typically, x, y, and z are all 
nonzero. The notation (A,B) signifies (A x ,By) where o<x<i and o£y£i and 

15 x+y=i. Typically, x and y are both nonzero. 

The green emitting phosphors preferably have peak emissions between about 
500 nm and about 555 nm. Figures 5, 6, and 7 show the emission spectra for 
the three green phosphors disclosed herein. As shown in the Figures, the 
emission spectra of the green phosphors coincide to a large extent with the 

20 most sensitive region of the spectral luminous efficacy curve of Figure 1. For 
example, Ba 2 MgSi 2 0 7 :Eu 2+ has a peak emission at about 495-505 nm, 
typically about 500 nm, Ba 2 Si0 4 :Eu 2+ has a peak emission at about 500-510 
nm, typically about 505 nm, and (Sr,Ca,Ba)(Al,Ga)aS 4 :Eu 2+ has a peak 
emission at about 535-545 nm, typically about 540 nm. The resulting spectral 

25 luminous efficacy of the lamp using one or more of these phosphors, assuming 
substantially all of the blue light is absorbed by the phosphor, is typically 
greater than 550 lumens per watt of radiant power. 

Another variable which is commonly used to describe the effectiveness of a 
lamp at generating lumens is the device 'luminous efficacy, defined as the 

7 
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luminous flux output by the lamp divided by the electric power input to the 
lamp. The device luminous efficacy of the lamp takes into account the spectral 
luminous efficacy of the output spectrum as well as three additional factors. 
First, the device efficiency represents the radiant power output by the LED 
5 divided by the electric power input to the LED. For a typical blue LED, the 
device efficiency is about 10%. Second, the quantum efficiency of the 
phosphor represents a loss associated with the transfer of energy from the 
absorbed photons to the emitted photons. The quantum efficiency is defined 
as the number of photons emitted by the phosphor divided by the number of 

1 0 photons absorbed by the phosphor. For the phosphors described herein, the 
quantum efficiency is typically about 80%. Third, there is an energy loss 
associated with the decrease in frequency of the emitted light affected by the 
phosphor equal to hAv, where h is Plank's constant and Av is the change in 
frequency of the light. For light absorbed at 450 nm and emitted at 555 nm, 

1 5 the emitted energy is 450/555 = 81% of the absorbed energy. 

Taking into account all of these factors, the device luminous efficacy (DLE) for 
a typical lamp is: 

DLE = (DE)*(QE)*(FL)*(SLE) 

20 

where DE = device efficiency, QE = phosphor quantum efficiency, FL = 
frequency loss efficiency, and SLE = spectral luminous efficacy. For a typical 
lamp according to exemplary embodiments of the invention, the device 
luminous efficacy is (10%) * (80%) * (81%) * (550 to 683 lumens per watt of 
25 radiant power) = about 35-45 lumens per watt of input electric power. This 
range of device luminous efficacy represents a significant increase over known 
LED lamps. For example, conventional green-emitting LEDs typically 
produce no more than 30 lumens per watt (lpw) of input electric power. 
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According to another embodiment of the invention, the device luminous 
efficacy can be increased still further by utilizing a laser diode, which may 
have a device efficiency of 40%, for example. Assuming the other variables 
remain substantially the same, the device luminous efficacy is increased to 
5 about 143-177 lumens per watt of input electric power. 

Using either the LED or the laser diode as a light source, the output light has a 
spectrum which is concentrated around the most sensitive region of the 
spectral luminous efficiency curve of Figure 1, producing a high spectral 
luminous efficacy, e.g. at least 550 lpw. The invention thus provides the 
10 advantage of a significantly increased luminous flux output without any 
increase in the electric power input to the LED or laser diode. 

Other embodiments of the invention will be apparent to those skilled in the art 
from a consideration of this specification or practice of the invention disclosed 
herein. It is intended that the specification and examples be considered as 
15 exemplary only, with the true scope and spirit of the invention being defined 
by the following claims. 
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WHAT IS CLAIMED IS: 



1. A lamp comprising: 

a light emitting element which emits blue light; and 

a phosphor composition which absorbs the blue light having a first spectrum 
from the light emitting element and emits light having a second spectrum, the 
phosphor composition comprising at least one of Ba 2 MgSi 2 0 7 :Eu 2+ ; 
Ba 2 Si0 4 :Eu 2+ ; and (Sr,Ca,Ba)(Al,Ga) 2 S 4 :Eu 2+ . 

2. The lamp of claim l, wherein the light emitting element comprises a 
light emitting diode. 

3. The lamp of claim l, wherein the light emitting element comprises a 
laser diode. 



4. The lamp of claim 1, wherein the second spectrum has a spectral 
luminous efficacy of at least 550 lumens per watt of radiant power. 

5. The lamp of claim 1, wherein the lamp has a device luminous 
efficacy of at least 35 lumens per watt of input electric power. 

6. The lamp of claim 1, wherein the blue light has an emission peak at a 
wavelength greater than 400 nm and less than 520 nm. 
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7. The lamp of claim 1, wherein the blue light has an emission peak 
between about 450 nm and about 470 nm. 

8. The lamp of claim 1, wherein the second spectrum has an emission 
peak between about 500 nm and 570 nm. 

9. The lamp of claim 1, further comprising a transmissive body which 
encapsulates the light emitting element, wherein the phosphor composition is 
deposited on a surface of the transmissive body. 

10. A lamp comprising: 

a light emitting element which emits blue light; and 

a phosphor composition which absorbs the blue light from the light 
emitting element having a first spectrum and emits light having a second 
spectrum, wherein the spectral luminous efficacy of light emitted by the lamp 
is at least 550 lumens per watt. 

11. The lamp of claim 10, wherein the light emitting element comprises 
an LED. 

12. The lamp of claim 10, wherein the lamp has a device luminous 
efficacy of at least 35 lumens per watt of input electric power. 
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13. The lamp of claim 10, wherein the light emitting element comprises 
a laser diode. 

5 14. The lamp of claim 10, wherein the second spectrum has an emission peak 
between about 535 and 545 nm. 

15. The lamp of claim 10, wherein the second spectrum has an emission peak 
between about 495 and 505 nm. 

10 

16. The lamp of claim 10, wherein the second spectrum has an emission peak 
between about 500 and 510 nm. 

17. The lamp of claim 10, wherein the phosphor composition comprises at 
15 least one of: Ba 2 MgSi 2 0 7 :Eu 2+ ; Ba 2 Si0 4 :Eu 2+ ; and (Sr,Ca,Ba)(Al,Ga)2S 4 :Eu 2+ . 

18. A lamp comprising: 

a light emitting element which emits blue light; and 

a phosphor composition which absorbs the blue light from the light 
20 emitting element having a first spectrum and emits light having a second 
spectrum, wherein the device luminous efficacy of the lamp is at least 35 
lumens per watt. 
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19. The lamp of claim 18, wherein the spectral luminous efficacy of 
light emitted by the lamp is at least 550 lumens per watt. 

20. A method of producing light comprising the steps of: 

generating blue light with a light emitting device; 

directing the blue light to a phosphor composition which absorbs the blue 
light, the phosphor composition comprising at least one of: Ba 2 MgSi 2 0 7 :Eu 2+ ; 
Ba a Si0 4 :Eu 2+ ; and (Sr,Ca,Ba)(Al,Ga) 2 S 4 :Eu 2+ ; and 

converting the blue light with the phosphor composition to light having 
a different spectrum. 

21. The method of claim 20, wherein the step of generating blue light 
comprises generating blue light with a light emitting diode. 

22. The method of claim 21, wherein the phosphor composition 
converts the blue light to light having a spectral luminous efficacy of at least 
550 lumens per watt of radiated power. 

23. A method of producing light comprising the steps of: 

generating blue light with a light emitting device; and 

absorbing the blue light with a phosphor composition which emits light of a 
different spectrum such that the light emitted by the light emitting device and 
phosphor composition together has a spectral luminous efficacy of at least 550 

lumens per watt of radiated power. 

13 
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TRICOLOR. WHITE LIGHT LED LAMPS 



FIELD OF INVENTION 

The present invention relates to a tri-color lamp. The lamp comprises a mixture 
of two phosphors and a light emitting diode for an excitation energy source. In 
5 particular, the lamp employs a blue LED and a mixture of red and green phosphors for 
the production of white light. 

BACKGROUND OF THE INVENTION 

There is an ongoing need to generate new phosphor compositions to improve 
efficiency and color quality in luminescent devices, particularly in the production of 

10 white light. Phosphors are luminescent materials that can absorb an excitation energy 
(usually radiation energy) and store this energy for a period of time. The stored energy is 
then emitted as radiation of a different energy than the initial excitation energy. For 
example, "down-conversion" refers to a situation where the emitted radiation has less 
quantum energy than the initial excitation radiation. Thus, the energy wavelength 

15 effectively increases, and this increase is termed a "Stokes shift." "Up-conversion" refers 
to a situation where the emitted radiation has greater quantum energy than the excitation 
radiation ("Anti-Stokes shift"). 

Improvements in efficiency and color quality in phosphor-based devices are 
constantly being developed. "Efficiency" relates to a fraction of photons emitted with 

20 respect to a number of photons initially provided as excitation energy. Inefficient 
conversion results when at least a portion of the energy is consumed by non-radiative 
processes. Color "quality" can be measured by a number of different rating systems. 
"Chromaticity" defines color by hue and saturation. "CIE" is a chromaticity coordinate 
system developed by Commission Internationale de l'Eclairage (international 

25 commission on illumination). The CIE Chromaticity Coordinates are coordinates that 
define a color in "193 1 CIE" color space. These coordinates are defined as x, y, z and are 
ratios of the three standard primary colors, X, Y, Z (tristimulus values), in relation to the 
sum of the three tristimulus values. A CIE chart contains a plot of the x, y and z ratios of 
the tristimulus values versus their sum. In the situation where the reduced coordinates x, 

30 y, z add to 1, typically, a two-dimensional CIE (x, y) plot is used. 
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White-like colors can be described by a "correlated color temperature" (CCT). 
For example, when a metal is heated, a resulting light is emitted which initially glows as 
a red color. As the metal is heated to increasingly higher temperatures, the emitted light 
shifts to higher quantum energies, beginning with reddish light and shifting to white light 
5 and ultimately to a bluish-white light. A system was developed to determine these color 
changes on a standard object known as a blackbody radiator. Depending on the 
temperature, the blackbody radiator will emit white-like radiation. The color of this 
white-like radiation can then be described in the CIE chromaticity chart. Thus, the 
correlated color temperature of a light source to be evaluated is the temperature at which 

1 0 the blackbody radiator produces the chromaticity most similar to that of the light source. 
Color temperature and CCT are expressed in degrees Kelvin. 

A "color rendering index" (CRT) is established by a visual experiment. The 
correlated color temperature of a light source to be evaluated is determined. Then eight 
standard color samples are illuminated first by the light source and then by a light from a 

15 blackbody having the same color temperature. If a standard color sample does not 

change color, then the light source has a theoretically perfect special CRI value of 100. A 
general color rendering index is termed "Ra", which is an average of the CRIs of all eight 
standard color samples. 

Older white lamps involved emission of light over a broad wavelength range. It 

20 was then discovered that a white-like color can be simulated by a mixture of two or three 
different light colors, where each emission comprised a relatively narrow wavelength 
range. These lamps afforded more control to manipulate the white color because 
emissive properties (emission energy and intensity) of the individual red, green and blue 
light sources can be individually tailored. This method thus provided the possibility of 

25 achieving improved color rendering properties. 

An example of a two-color lamp comprises one phosphor and an excitation 
energy source. Light emitted by the phosphor combines with unabsorbed light from the 
excitation source to produce a white-like color. Further improvements in fluorescent 
lamps involved three different light colors (i.e. a tri-color lamp) resulting in white light at 

30 higher efficiencies. One example of a tri-color lamp involved blue, red and green light- 
emitting phosphors. Other previous tri-color lamps comprised a combination of light 
from two phosphors (a green and red phosphor) and unabsorbed light from a mercury 
plasma excitation source. 
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Previous tri-color lamps involving a mercury plasma excitation source, however, 
suffer many disadvantages including: (1) a need for high voltages which can result in 
gaseous discharge with energetic ions; (2) emission of high energy UV quanta; and 
(3) correspondingly low lifetimes. Thus, there is an ongoing need for devices that 
5 overcome these deficiencies. 

Finally there remains a continued challenge to uncover phosphor compositions 
and mixtures of these compositions to provide improved properties, including improved 
efficiency, color rendering (e.g. as measured by high color rendering indices) and 
luminance (intensity), particularly in a tri-color, white lamp. 

10 SUMMARY OF THE INVENTION 

One aspect of the present invention provides a composition comprising a mixture 
of a first phosphor and a second phosphor. Each phosphor comprises a host sulfide 
material and a rare earth dopant and each phosphor is capable of being excited by a 
common light emitting diode. 
1 5 Another aspect of the present invention provides a composition comprising a 

mixture of a first phosphor and a second phosphor. Each phosphor comprises a host 
material and a rare earth dopant. The first phosphor is capable of being excited by a light 
emitting diode and the second phosphor is capable of being excited by an emission of the 
first phosphor. 

20 Another aspect of the present invention provides a device comprising a light 

emitting diode, for emitting a pattern of light. The device further comprises a 
composition comprising a mixture of a first phosphor and a second phosphor. Each 
phosphor comprises a host sulfide material and a rare earth dopant and the composition is 
positioned in the light pattern. 

25 Another aspect of the present invention provides a device comprising a green 

phosphor and a blue light emitting diode, for providing an excitation radiation to the 
phosphor. 

Other advantages, novel features, and objects of the invention will become 
apparent from the following detailed description of the invention when considered in 
30 conjunction with the accompanying drawings, which are schematic and which are not 
intended to be drawn to scale. In the figures, each identical or nearly identical 
component that is illustrated in various figures is represented by a single numeral. For 
purposes of clarity, not every component is labeled in every figure, nor is every 
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component of each embodiment of the invention shown where illustration is not 
necessary to allow those of ordinary skill in the art to understand the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows an overlay of normalized spectra of SrGa 2 S 4 :Eu and SrS:Eu upon 
5 excitation by a blue LED at 460 nm; 

FIG. 2 shows a simulation of spectra of a mixture of SrGa 2 S 4 :Eu and SrS:Eu upon 
excitation by a blue LED at 460 nm at different color temperatures; and 

FIG. 3 shows a schematic of a tri-color lamp comprising a two-phosphor mixture 
positioned in a pathway of light emitted by an LED. 

10 DETAILED DESCRIPTION 

The invention relates, in part, to the discovery that a tri-color lamp employing 
specific red and green phosphors excitable by a common light emitting diode (LED) can 
achieve white light at higher efficiencies with superior color rendering over previous 
fluorescent lamps. 

1 5 One aspect of the present invention provides a composition comprising a mixture 

of a first phosphor and a second phosphor, each phosphor capable of being excited by a 
common light emitting diode, i.e. only one light emitting diode is used to excite both 
phosphors, as opposed to each phosphor requiring a separate energy source. 

An advantageous feature of the present invention involves the use of an LED as 

20 an excitation source. An LED has a p-n junction between doped semiconductor regions. 
Upon application of a current, there can exist sufficient energy to allow electrons and 
holes to cross the p-n junction such that a resulting recombination of electrons and holes 
cause emission of radiation. Advantages of LEDs over other excitation energy sources 
include small size, low power consumption, long lifetimes and low amounts of thermal 

25 energy emitted. In addition, LEDs have small dimensions that allow rniniaturization of 
devices. 

In one embodiment, the common LED is a blue LED. The use of blue light as an 
excitation radiation over other light sources has been found to be particularly 
advantageous in that conversion efficiency to visible light is higher. In one embodiment, 
30 each phosphor is capable of being excited by a common LED which emits radiation at a 
wavelength from about 450 nm to about 480 nm. It has been found that color rendering 
can decrease at excitation energies below 450 nm whereas absorption by the phosphors 



-4- 



WO 01/24229 



PCI7US00/26377 



decreases at excitation energies greater than 480 nm. An example of a blue LED that 
emits radiation in the above-mentioned energy ranges is a (In,Ga)N diode. 

A blue light source can provide inherent advantages over UV excitation sources in 
that power efficiency is increased for red and green phosphors excited by blue light. The 
5 present phosphor materials generally require lesser Stokes shifts than phosphors of the 
previous devices. For example, certain tri-color prior art fluorescent lamps incorporate 
mercury plasmas which provide a UV emission centered at approximately 4.9 eV. This 
UV light excites blue, red and green phosphors such that resulting emission spectra show 
maximum intensities at energies of approximately 2.8 eV (unabsorbed light), 2.3 eV 

10 (green) and 2.0 eV (red) respectively. Significant Stokes shifts are obviously involved in 
this situation. Power efficiency, however, is limited by quantum deficit, which is the 
difference of the quantum energies of exciting and emitted quanta. Thus, for the example 
described above, power efficiency of the green light is, on average, (4.9 eV-2.3 eV)/4.9 
eV = 53%. In contrast, green (2.3 eV) and red (2.0) phosphors excited by a blue LED 

15 with an emission of about 2.7 eV (~ 460 nm) exhibit smaller Stokes shifts and quantum 
deficits, and accordingly power efficiency is greater. 

Phosphors comprise host materials and dopant ions. Typically, the host material 
has an inorganic, ionic lattice structure (a "host lattice") in which the dopant ion replaces 
a lattice ion. The dopant is capable of emitting light upon absorbing excitation radiation. 

20 Ideal dopants strongly absorb excitation radiation and efficiently convert this energy into 
emitted radiation. In one embodiment, the dopant is a rare earth ion. Rare earth ions 
absorb and emit radiation via 4f-4f transitions, i.e. electronic transitions involving f- 
orbital energy levels. While f-f transitions are quantum-mechanically forbidden, 
resulting in weak emission intensities, it is known that certain rare earth ions, such as 

25 Eu 2+ or Ce 3+ , strongly absorb radiation through allowed 4f-5df transitions (via d- 
orbital/f-orbital mixing) and consequently produce high emission intensities. 

The emissions of certain dopants can be shifted in energy depending on the host 
lattice in which the dopant ion resides. Thus, this aspect of the invention lies, in part, in 
the discovery that certain rare earth dopants efficiently convert blue light to visible light 

30 when incorporated into an appropriate host material. In one embodiment, the first and 
second phosphors comprise a host sulfide material, i.e. a lattice which includes sulfide 
ions. Preferred host sulfide materials include CaS, SrS and a thiogallates such as 
SrGa2S4. 
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Another advantageous feature of the present invention is to provide a phosphor 
mixture excitable by one common blue energy source of a relatively narrow linewidth, to 
emit light at two different energy ranges (e.g. red and green). Strategies to provide 
appropriate phosphors are disclosed here. In one embodiment, the dopant is the same in 
5 the first and second phosphor. The red and green emissions of the two phosphors can be 
tuned by selecting an appropriate host material. In one embodiment, the green phosphor 
is SrGa 2 S 4 :Eu. In another embodiment, the red phosphor is selected from the group 
consisting of SrS:Eu and CaS:Eu. 

FIG. 1 is an overlay of emission spectra from two different phosphors having the 

10 same dopant capable of being excited by one common (In,Ga)N LED at 460 nm. The 
phosphors are provided as a mixture in an encapsulant. The spectra have been 
normalized to an intensity of 1. Spectrum 2 corresponds to an emission of the blue LED 
with a maximum intensity at ~ 460 nm, spectrum 4 corresponds to an emission from a 
green phosphor material, SrGa 2 S 4 :Eu with a maximum intensity at ~ 520 nm, and 

15 spectrum 6 corresponds to an emission from a red phosphor material, SrS:Eu with a 
maximum intensity at ~ 620 nm. 

Alternatively, the first and second phosphors can have different dopants. The 
same host material can be used, or the first and second phosphors can have different host 
materials. One of ordinary skill in the art can screen potential phosphor candidates by 

20 selecting phosphors that can be excited by radiation between about 450 nm and about 
480, and observing whether they emit red or green light. 

In one embodiment, the amount of dopant present in the host lattice is from about 
0.1 mol% to about 8 mol%. Preferred amounts of dopant may depend on the type of host 
lattice. For example, a dopant concentration in SrGa 2 S4 is preferably from about 2 mol% 

25 to about 4 mol%, whereas a dopant concentration in SrS is preferably from about 
0.3 mol% to about 0.8 mol%. 

The present invention also relates to another tri-color system, in which a first 
phosphor is excited by an LED source, and the emission of the first phosphor is capable 
of exciting a second phosphor. Thus, another aspect of the present invention provides a 

30 mixture of a first phosphor and a second phosphor, each phosphor comprising a host 

material and a rare earth dopant. The first phosphor is capable of being excited by a light 
emitting diode and the second phosphor is capable of being excited by an emission of the 
first phosphor. In one embodiment, the LED is a blue LED. The first phosphor can be a 
green phosphor with an emission capable of exciting a red phosphor (second phosphor). 
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This aspect allows the use of only one LED source in the event that only one phosphor is 
capable of being excited by the LED. 

Another aspect of the present invention provides a device comprising a phosphor 
mixture, as described previously, and a light emitting diode. The LED emits a local light 
5 pattern, the pattern defining either a volume or an area of light. A composition 

comprising a mixture of a first phosphor and a second phosphor is positioned in the light 
pattern. Each phosphor comprises a host sulfide material and a rare earth dopant, having 
compositions and concentrations as described previously. This arrangement allows light 
emitted from the LED to: (1) be absorbed by the composition; and (2) mix effectively 

10 with light emitted from the phosphor mixture such that good homogeneity of color 

rendering is achieved. This arrangement eliminates unwanted "demixing" of the various 
light sources. Demixing occurs when separate fractions of radiation are emitted from the 
device due to the LED and the phosphor mixture, i.e. there is minimal mixing of the 
different light components. 

15 In one embodiment, the device is a lamp. In one embodiment, the lamp emits 

white light. In this embodiment, the first phosphor is a green phosphor and the second 
phosphor is a red phosphor, where the white color is achieved by effectively mixing the 
green and red light with unabsorbed blue light provided by the LED. In one embodiment, 
the lamp containing the phosphor mixture comprises a 5 mm LED lamp design of 

20 Hewlett-Packard. 

The white light lamp of the present invention is particularly advantageous in that 
the color rendering properties are far superior than those of any previous white lamps. In 
one embodiment, the lamp is capable of emitting radiation having a color rendering 
index, Ra of at least about 60 at a color temperature from about 2700 K to about 8000 K, 

25 preferably an Ra of at least about 70, more preferably an Ra of at least about 80 and even 
more preferably an Ra of at least about 90. In a preferred embodiment, the lamp 
generates a CRI, Ra of greater than 70 for CCT values of less than 6000 K. 

FIG. 2 shows a simulation of emission spectra of a tri-color lamp comprising a 
mixture of SrGa 2 S 4 :Eu and SrS:Eu phosphors excited by a blue (fci,Ga)N LED at 460 nm. 

30 Emission intensity or radiance is indicated in the ordinate axis. This system exhibits 

superior color rendering properties over a wide range of color temperatures. Spectrum 10 
(3000 K), spectrum 12 (3800 K) and spectrum 14 (4400 K) each correspond to an Ra of 
94 whereas spectrum 1 6 (4900 K) corresponds to an Ra of 92. Ra values of greater than 
90 for white LEDs have not been previously observed. It is a feature of the present 
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invention to mix respective amounts of the phosphors and to illuminate these phosphors 
with a blue LED to closely match these desired simulated spectra. 

By varying optical properties of each source of light in the device, the device can 
be designed to have desired characteristics depending on a particular application. For 
example, certain devices may be required to generate light of high intensity and only 
adequate color rendering is needed, whereas other applications may require high color 
rendering properties, at the expense of efficiency. Alternatively, color rendering can be 
sacrificed for higher efficiency. For example, a 50% increase in efficiency can be 
achieved by decreasing Ra down to about 60. Such properties can be varied by changing 
relative power fractions of each light source. A "power fraction" is the fraction of light 
from each source that provides the final light color. Power fractions can be varied by, for 
example, changing a relative amount of phosphor material present in the device, varying 
dopant concentration or changing the host lattice or dopant. 

It is understood that the phosphor mixture can comprise more than two phosphors, 
so long as optimal color rendering properties are achieved. 

In one embodiment, the device further comprises a polymer for encapsulating the 
phosphor composition. In this embodiment, the phosphor mixture should exhibit high 
stability properties in the encapsulant. Preferably, the polymer is optically clear to 
prevent significant light scattering. In one embodiment, the polymer is selected from the 
group consisting of epoxy and silicone. A variety of polymers are known in the LED 
industry for making 5 mm LED lamps. Encapsulation can be performed by adding the 
phosphor mixture to a liquid that is a polymer precursor. For example, the phosphor 
mixture can be a powder. Introducing phosphor particles into a polymer precursor liquid 
results in formation of a slurry (i.e. a suspension of particles). Upon polymerization, the 
phosphor mixture is fixed rigidly in place by the encapsulation. In one embodiment, both 
the composition and the LED are encapsulated in the polymer. 

Although the role of phosphor grain size (mean diameter of phosphor particles) is 
not completely understood, weight fractions may change depending on a particular grain 
size. Preferably, grain sizes are less than about 15um, and more preferably, less than 
about 12 um, to avoid clogging of devices which dispose the phosphors. In one 
embodiment, the grain size of each phosphor type varies. In certain specific 
embodiments, the grain size of SrGa 2 S 4 :Eu is less than about 10 um and the grain size of 
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SrS:Eu is less than about 12 pm. Other devices, however, can be prepared with larger 
grain sizes. 

Although unabsorbed light emitted from the LED contributes to color rendering, 
unabsorbed light can sometimes escape without mixing with light emitted from the 
5 phosphors, resulting in a reduced overall efficiency of the device. Thus, in one 

embodiment, the LED and composition are positioned within a reflector cup. A reflector 
cup can be any depression or recess prepared from a reflecting material. By positioning 
the LED and phosphor particles in a reflector cup, unabsorbed/unmixed LED-emitted 
light can be reflected either back to the phosphor particles to eventually be absorbed, or 

1 0 mixed with light emitted from the phosphors. 

FIG. 3 shows a schematic of the device of the present invention. Lamp 20 
comprises LED 22. LED 22 is positioned in a reflector cup 28. LED 22 emits light in a 
pattern indicated by lines 26. A phosphor mixture 24 is positioned in the pattern 26. It 
can be seen that some unabsorbed light emitted by LED 22 can reflect from walls of 

1 5 reflector cup 28 and back to phosphor mixture 24. In this example, reflector cup 28 can 
modify light pattern 26 if light is reflected into a space not previously covered by the 
initial light pattern (e.g. in the case of a parabolic reflector). It is understood that one of 
ordinary skill in the art can provide reflector cup 28 in any shape that optimizes reflection 
of light back to mixture 24, or optimizes positioning of LED 22 to provide a light pattern 

20 for efficient conversion. For example, the walls of reflector cup 28 can be parabolic. 

Another aspect of the present invention provides an alternative design to a green 
LED. Green LEDs have been developed only recently. Current green LEDs, however, 
are notoriously more inefficient than blue LEDs. In addition, emitted radiation from 
green LEDs exhibits wavelength shifts with an increase in temperature, which is an 

25 undesired characteristic. 

Thus, this aspect of the present invention provides a device comprising a green 
phosphor and a blue light emitting diode, for providing an excitation radiation to the 
phosphor. By taking advantage of down-conversion, the blue light can be converted to 
green light via the green phosphor. This device is comparable to a green LED yet 

30 eliminates the disadvantages of green LEDs, such as providing comparable efficiencies to 
blue LEDs and minimizing radiation energy shifts with increasing temperature. In one 
embodiment, the green phosphor is SrGa 2 S 4 :Eu. High luminous equivalents values of ~ 
575 lm/W can be achieved with this phosphor at a maximum wavelength of about 535 
nm, which is far superior to any other green LED or alternative. High absorption of 
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excitation radiation is preferred to eliminate a significant amount of blue LED radiation 
which may spoil efficiency and/or color saturation. 

The function and advantage of these and other embodiments of the present 
invention will be more fully understood from the examples below. The following 
5 examples are intended to illustrate the benefits of the present invention, but do not 
exemplify the full scope of the invention. 

Example 1: Preparation of SrGaAiEu and SrS:Eu Phosphor Mixture 
SrGa 2 S 4 :Eu was produced by the method of P. Benalloul, et al., J.Alloys 
Compounds 227 (1998), 709, and references cited therein. 
10 The powders of the two phosphors are stirred in weighted amounts, which 

correspond to the desired power fractions of the three colors, into a liquid polymer 
precursor. A preferred polymer precursor is a standard precursor for 5 mm LED lamps, 
'Hysol ST'. 

Example 2: Adjusting power fractions 
15 This example illustrates a method for adjusting power fractions at desired 

correlated different color temperatures, and these power fractions are listed in Table 1. 
Starting from known or measured spectra of a (In,Ga)N LED, the green (SrGa2S4:Eu) and 
the red (SrS:Eu) emitting phosphor, a first approximation is made about respective power 
fractions of each color to obtain a desired spectrum that will result in optimal CCT/CRI 
20 values. This is achieved typically by performing a best estimate of the respective weights 
of the two phosphors. The mixture is then prepared and the mixture is illuminated with 
the LED. In this example, the wavelength of radiation is 460 nm. A trial spectrum is 
then obtained. 

If the first trial spectrum does not achieve the CCT/CRI values of the desired 
25 spectrum, small amounts of the appropriate phosphors can be added and a new trial 

spectrum can be obtained. This step is repeated until the trial spectrum closely matches 
the desired spectrum. 

Table 1 is generated by adding spectra of the three components: the LED, 
SrGa 2 S4:Eu, and SrS:Eu, with respective coefficients which correspond tot he power 
30 fractions. A composite spectrum is then obtained. The composite spectrum is evaluated 
using CIE recommended software (e.g. CEE 13.3-1995) for calculating CCT and CRI 
values. By this procedure, the desired CCT/CRI is converted into a desired spectrum. If 
CCT and Ra do not agree with the expectation within acceptable tolerances, a second 
iteration is performed to modify the power fractions in a systematical way. Subsequent 
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iterations can be accomplished by numerical optimization, e.g. Simplex or Variable 
Metric Method can be used for automating the procedure. 

Table 1 shows example power fractions for the phosphor mixture of Example 1. 

5 Table 1 



Color Temperature 
(K) 


SrGa 2 S4:Eu (green) 


SrS:Eu (red) 


LED (blue) 


2700 


28 


61 


11 


3000 


32 


55 


13 


4000 


34 


45 


21 


5000 


35 


39 


26 


6400 


37 


31 


32 


8000 


34 


29 


37 



The luminous equivalent of the resulting emitted light is about 310 (±4) lm/W. 



Example 3: 5 mm LED LAMP 
An example of a lamp of the present invention is described here. An Hysol ST 

1 0 slurry comprising a phosphor mixture of 7.6 wt% of SrGa 2 S4:Eu and 1 0.4 wt% SrS :Eu 
was positioned in a reflector cup in a 5 mm lamp design of Hewlett-Packard. The 
average particle size of SrGa2S4:Eu was about 9 um and the average particle size of 
SrS:Eu was about 11.5 urn. Using a blue (In,Ga)N LED with an excitation radiation of 
460 nm, a CCT of 4000K and a CRI of 91 was achieved. 

15 Those skilled in the art would readily appreciate that all parameters listed herein 

are meant to be examples and that actual parameters will depend upon the specific 
application for which the methods and apparatus of the present invention are used. It is, 
therefore, to be understood that the foregoing embodiments are presented by way of 
example only and that, within the scope of the appended claims and equivalents thereto, 

20 the invention may be practiced otherwise than as specifically described. 
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CLAIMS 

What is claimed: 



11. A composition comprising: 

2 a mixture of a first phosphor and a second phosphor, each phosphor 

3 comprising a host sulfide material and a rare earth dopant and each phosphor 

4 capable of being excited by a common light emitting diode. 

1 2. The composition of claim 1 , wherein the dopant is selected from the group 

2 consisting of Eu 2+ and Ce 3+ . 

13. The composition of claim 2, wherein the dopant is the same in the first and second 

2 phosphor. 

1 4. The composition of claim 3, wherein the dopant is Eu 2+ . 

1 5. The composition of claim 3, wherein the dopant is Ce 3+ . 

1 6. The composition of claim 1 , wherein the sulfide is selected from the group 

2 consisting of CaS, SrS and a thiogallate. 

1 7. The composition of claim 6, wherein the thiogallate is SrGa2S4- 

1 8. The composition of claim 1 , wherein the first phosphor is a green phosphor and 

2 the second phosphor is a red phosphor. 

1 9. The composition of claim 8, wherein the first phosphor is SrGa 2 S 4 :Eu. 

1 10. The composition of claim 8, wherein the second phosphor is selected from the 

2 group consisting of SrS:Eu and CaS:Eu. 

1 11. The composition of claim 3, wherein the dopant is present in a concentration from 

2 about 0. 1 mol% to about 8 mol%. 
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1 12. The composition of claim 11, wherein the first phosphor comprises a SrGa 2 S4 

2 host material and the dopant is present in a concentration from about 2 mol% to about 

3 4 mol%. 

1 13. The composition of claim 1 2, wherein the second phosphor comprises a SrS host 

2 material and the dopant is present in a concentration from about 0.3 mol% to about 

3 0.8 mol%. 

1 14. The composition of claim 1 , wherein the common light emitting diode is a blue 

2 light emitting diode. 

1 15. The composition of claim 1 4, wherein each phosphor is capable of being excited 

2 by radiation at a wavelength from about 450 nm to about 480 nm. 

1 16. The composition of claim 1 , wherein the composition is particulate. 

1 17. A lamp comprising the phosphor of claim 1 . 

1 18. A composition comprising: 

2 a mixture of a first phosphor and a second phosphor, each phosphor 

3 comprising a host material and a rare earth dopant, the first phosphor capable of 

4 being excited by a light emitting diode and the second phosphor capable of being 

5 excited by an emission of the first phosphor. 

1 19. The composition of claim 18, wherein each phosphor is capable of being excited 

2 by a blue light emitting diode. 

1 20. The composition of claim 1 9, wherein the first phosphor is a green phosphor and 

2 the second phosphor is a red phosphor. 

1 21. A device comprising: 

2 a light emitting diode, for emitting a pattern of light; and 
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3 a composition comprising a mixture of a first phosphor and a second 

4 phosphor, each phosphor comprising a host sulfide material and a rare earth 

5 dopant, the composition being positioned in the light pattern. 

1 22. The device of claim 2 1 , wherein the light emitting diode has an emission at a 

2 wavelength from about 450 nm to about 480 nm. 

1 23. The device of claim 22, wherein the device is a lamp. 

1 24. The device of claim 23, wherein the lamp is a white light lamp. 

1 25. The device of claim 24, wherein the lamp is capable of emitting radiation having 

2 a color rendering index, Ra of at least about 70 at a color temperature from about 2700 K 

3 to about 8000 K. 

1 26. The device of claim 24, wherein the lamp is capable of emitting radiation having 

2 a color rendering index, Ra of at least about 80 at a color temperature from about 2700 K 

3 to about 8000 K. 

1 27. The device of claim 24, wherein the lamp is capable of emitting radiation having 

2 a color rendering index, Ra of at least about 90 at a color temperature from about 2700 K 

3 to about 8000 K. 

1 28. A device comprising a green phosphor and a blue light emitting diode, for 

2 providing an excitation radiation to the phosphor. 

1 29. The device of claim 28, wherein the green phosphor is SrGa2S4. 
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(57) Abstract: The present invention relates to a tri-color lamp for generating white light. In particular, the invention relates to 
a phosphor mixture comprising two phosphors having host sulfide materials that can absorb radiation emitted by a light emitting 
diode, particularly a blue LED. This arrangement provides a mixing of three light sources - light emitted from the two phosphors 
and unabsorbed light emitted from the LED. The phosphors can contain the same dopant, such as a rare earth ion, to allow matching 
of the phosphors in relation to the LED emitted radiation. Power fractions of each of the light sources can be varied to achieve good 
color rendering. The present invention also relates to an alternative to a green LED comprising a single green phosphor that absorbs 
radiation from a blue LED. A resulting device provides green light of high absorption efficiency and high luminous equivalent values. 
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(57) Abstract: An optical signal generator suitable for high capacity multi-fiber optical data transmission or switching applications 
is disclosed. An optical signal generator (30), adapted for use in a fiber optic network, comprises a plurality of optical fibers respec- 
tively coupled to plural nodes of the fiber optic network. The optical signal generator (30) includes an input optical channel (52) 
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modulate the plural output beams based on the input data. 
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OPTICAL SIGNAL GENERATOR FOR HIGH SPEED MULTI-FIBER 
OPTICAL SWITCHING 



5 RELATED APPLICATION INFORMATION 

The present application claims priority under 35 USC 119 (e) of provisional 
application serial no. 60/204,236 filed May 15, 2000 the disclosure of which is 
incorporated herein by reference. 

10 

BACKGROUND OF THE INVENTION 



1. Field of the Invention 

15 

The present invention relates to optical signal generators and optical switches 
and related methods. The present invention further relates to data networks 
and, in particular, to fiber optical data networks and methods of transmitting 
and receiving data along fiber optical data networks. 

20 

2. Background of the Prior Art and Related Information 



Fiber optic data distribution networks are becoming increasingly important for 
the provision of high bandwidth data links to commercial and residential 

25 locations. Such systems employ optical fibers to transmit data in the form of 
modulated optical signals, which provides very high bandwidth data 
transmission and is the reason for the increasing importance of fiber optic 
networks. Since fiber optic data distribution networks are light based they 
must employ optical signal generators to convert user data in the form of 

30 electrical signals to modulated light which is coupled into the optical fiber. In 
particular, optical transmitters (or "transceivers" when combined with a 
receiver in one device) are employed throughout fiber optic distribution 
networks to couple electronic input data into the optical network. Fiber optic 
data distribution networks also employ switches at various locations 
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throughout the network. For example, in the Internet, portions of which are 
fiber optic based, routers are employed to direct data packets to their 
destination. These switches are typically electrical, not optical, in nature. 
Such switches thus involve the use of optical receivers to convert the optical 
5 signals to electrical signals and optical signal generators to convert the signals 
back to modulated light. Therefore, optical signal generators are also a key 
component of routers and other switches employed in optical fiber networks. 

At various nodes in an optical fiber data network it may be necessary to 
1 0 couple the node to multiple optical fibers. For example, in an all fiber network 
nodes close to the network backbone will typically couple to multiple fibers. 
Also, in combined wire and optical networks, such as the Internet, multiple 
fiber coupling may be employed at many locations. In such multiple fiber 
nodes the associated optical signal generators can become very complex and 
1 5 expensive, especially where high data rates are desired. More specifically, at 
multi-fiber nodes a separate optical transmitter is typically employed for each 
fiber. Each optical transmitter comprises a laser diode which is driven by the 
electrical input data signals to modulate the laser light to be transmitted down 
the particular fiber. As the number of fibers at the node is increased the need 
20 for multiple optical transmitters and associated control circuitry causes the 
implementation cost and complexity to rapidly increase. Also, the space 
requirements for such a multi-fiber multi-transmitter implementation can 
rapidly become a problem. This is particularly true since dense packing of the 
transmitters is not possible due to heat generation. 

25 

Accordingly, it will be appreciated that a need presently exists for an efficient 
and cost effective optical signal generator suitable for high capacity multi-fiber 
optical data transmission or switching applications. A need further exists for 
an improved fiber optic data network employing more efficient multi-fiber 
30 optical signal generation. 
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SUMMARY OF THE INVENTION 

The present invention provides an efficient and cost effective optical signal 
generator suitable for high capacity multi-fiber optical data transmission or 
5 switching applications. The present invention further provides an improved 
fiber optic data network employing more efficient multi-fiber optical signal 
generation. 

In a first aspect, the present invention provides an optical signal generator 
1 0 suitable for high capacity multi-fiber optical data transmission or switching 
applications in a fiber optic network. The optical signal generator comprises a 
plurality of optical fibers respectively coupled to plural nodes of the fiber optic 
network. The optical signal generator includes an input optical channel 
providing a light beam and an acousto-optic modulator receiving the light 
15 beam and providing a plurality of separate output light beams. Each of the 
output light beams is independently optically coupled to a respective optical 
fiber. An acousto-optic modulator controller circuit drives the acousto-optic 
modulator to form the plural beams. The acousto-optic modulator controller 
circuit is also coupled to receive a data input and independently modulates the 
20 plural output beams based on the input data. 

Preferably, plural input optical channels are provided. In a first embodiment 
each input optical channel creates M plural output beams coupled to M 
different fibers. Therefore, if the input optical channels are N in number, the 

25 plural output beams are MxN in number. As an example, if four input optical 
channels are provided and each creates 32 output beams, a total of 128 
separate output beams and data channels may be provided. In another 
embodiment a plurality of input optical channels provide a plurality of light 
beams at a plurality of discrete wavelengths and plural output beams are 

30 created for each wavelength. Independently modulating the plural output 
beams based on the input data provides plural output wavelength division 
multiplexed data channels for each output beam. 
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In a further aspect, the present invention provides an optical data link adapted 
for use in a fiber optic network. The optical data link includes a physical layer 
comprising a plurality of optical fibers respectively coupled to plural nodes of 
the fiber optic network and providing bidirectional modulated optical signals. 
5 The physical layer further includes an optical signal generator having a source 
of at least one light beam and an acousto-optic circuit receiving the light 
beam and providing a plurality of separate output independently modulated 
light beams from the light beam. These output beams are optically coupled to 
respective optical fibers of the network. The optical data link also includes an 
1 0 upper logical data layer coupled to the physical layer and providing data to 
and from the physical layer. The upper data layer includes data switching 
information. The switching information may comprise routing information from 
a network layer in an application of the optical data link in a router. 

15 In another aspect the present invention provides a method for transmitting 
data in a fiber optic network. The method comprises receiving data to be 
transmitted over the network and acousto-optically generating a plurality of 
separate output light beams from an input beam of light. The beams are 
independently modulated using the received data to form modulated optical 

20 signals. The modulated light beams are optically coupled to respective optical 
fibers. The data, in the form of the modulated optical signals, is provided to 
plural nodes of the fiber optic network via the plurality of optical fibers. In a 
preferred application, the received data to be transmitted comprises data 
packets having data routing information and the data packets are directed to 

25 the nodes based on the routing information. 

Further aspects of the present invention will be appreciated by a review of the 
following detailed description of the invention. 



30 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a block schematic drawing of an improved fiber optic data network 
comprising optical data links employing multi-fiber optical signal generation in 
5 accordance with the present invention. 

Figure 2 is a schematic drawing illustrating the interface logic architecture of 
an optical data link of figure 1. 

1 0 Figure 3 is a block schematic drawing of a portion of the fiber optic data 
network of figure 1 illustrating multi-fiber optical signal generation in 
accordance with the present invention. 

Figure 4 is a block schematic drawing of one channel of an optical signal 
1 5 generator employed in the optical data link of figure 1 , in accordance with the 
present invention. 

Figure 5A is a block schematic drawing of an AOM controller employed in the 
optical signal generator channel of figure 4, in accordance with the present 
20 invention. 

Figure 5B is a schematic drawing of an analog multiplier array employed in 
the AOM controller of figure 5A. 

25 Figure 6 is a block schematic drawing of a four channel AOM controller 
employed in the optical signal generator channel in accordance with a four 
channel embodiment of the present invention. 

Figure 7 is a block schematic drawing of an optical signal generator in 
30 accordance with an alternate embodiment of the present invention employing 
wavelength division multiplexing. 
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DETAILED DESCRIPTION OF THE INVENTION 

In figure 1 , a schematic drawing of an improved fiber optic data network 
employing multi-fiber optical signal generation in accordance with the present 
5 invention is illustrated. As used herein the term fiber optic data network refers 
to any data network which employs optical data transmission or switching in at 
least a portion thereof and may include all optical networks or combined 
optical and wire and/or wireless networks. The illustrated network may be a 
WAN (Wide Area Network), LAN (Local Area Network) or portion of such 
10 networks. The illustrated network may also be a combination of linked 
networks of different types, such as the Internet. 

Referring to figure 1 , the fiber optic data network includes one or more optical 
data links 10. Each optical data link 10 is coupled to other points or nodes on 

15 the network via a plurality of optical fibers 12. In particular, the optical fibers 
12 may couple the optical data link 10, to a network backbone, one or more 
gateway nodes, and one or more host nodes as generally illustrated. Gateway 
nodes 14 in turn may act as gateways to other networks through connections 
18. The gateways 14 may provide optical fiber coupling to other fiber optic 

20 network locations along optical fibers 18 in which case one or more of the 
gateways 14 may also comprise optical data links in accordance with the 
present invention. Alternatively, gateways 14 may couple to all wire networks 
or all wireless networks or a combination of wired and wireless networks and 
in which case connections 18 will be appropriate wire or wireless 

25 communication links. As further illustrated in figure 1, in addition to optical 
fibers 12, the optical data link 10 also may be coupled to electrical 
communications connections 16. These electrical communications 
connections 16 may be wired or wireless connections and associated 
modems or other known connections employed. Electrical communications 

30 connections 16 may provide data inputs and data outputs which may 

correspond to direct data entry points into the optical network via the optical 
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data link 10. Also, one or more of the electrical communications connections 
16 may comprise connections to electrical nodes 15 of electrical networks. 

The optical data link 10 employs a high speed optical signal generator which 
5 provides high data rate coupling of data to the plurality of optical fibers 12, 
which data flow may be from the electrical links 16 to the optical fibers 12 or 
may be from fibers 12 to other fibers 12. Therefore, it will be appreciated by 
those skilled in the art that the optical data link 10 may provide different 
functionality depending on the particular application. For example, in an 

10 application where the data network shown in figure 1 comprises a portion of 
the Internet, the optical data link 10 may comprise a router which receives 
data packets along fibers 12 and directs the data packets along different 
optical fibers 12. In other network applications, such as a LAN or WAN 
application, the optical data link 10 may provide a less sophisticated optical 

1 5 switching function to direct data flow to various nodes of the network along 
fibers 12. Also, where optical data link 10 comprises an initial data entry point 
into an optical network it may function as an optical transmitter receiving input 
data along one or more electrical links 16 and optically transmitting the data 
along optical fibers 12. Preferably, the optical data link 10 provides 

20 bidirectional data flow in which case it may be employed as an optical 
transceiver in some data network applications. 

As one particular example of a fiber optic data network application, the optical 
data link 10 may be employed in the end portion of a high bandwidth 

25 connection to a large number of end users. Such applications are sometimes 
referred to as the "last mile" portion of high bandwidth communication 
networks. In such an application, the optical data link 10 will receive data 
from one or more fibers 12 close to the network backbone and provide them 
to end-user gateways 14 at locations close to the end-user homes or 

30 businesses, which gateways provide the data to the end users at home or 
business locations along lines 18. In such applications the data may comprise 
video, voice, cable TV or other continuous transmissions and packet data 
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corresponding to data transmitted from the Internet. Other applications are 
possible, however, as will be appreciated by those skilled in the art. 

Referring to figure 2, a schematic drawing of the data architecture employed 
5 in the optical data link 1 0 of figure 1 is illustrated. 

The optical data link 10 has the capability to handle a wide array of inputs and 
be configurable to handle various sizes of packets in packet switched 
systems. Figure 2 shows the logical architecture diagram for a bi-directional 

1 0 data link interface. The architecture consists of multiple layers or levels as 
shown in the figure, which multi-layer architecture corresponds to the OSI 
(Open Systems Interconnection) model. Each layer is a logical entity, 
containing protocols that perform certain functions. The message software is 
partitioned into these layers for modular functionality. The physical layer 20 

15 comprises the communication medium (i.e. the fiber 12 or radio or electronic 
link 16) and the associated communication device(s). Each layer uses the 
services provided by the one below and provides services to the one above. 
Thus, outgoing data/messages will flow from the top of the architecture down 
while incoming messages will flow from the bottom up. Where the optical data 

20 link 10 functions as a router or a switch the data will flow up to the appropriate 
level and then back down and out with the appropriate address or routing 
information added. In particular, when functioning as a router the data will flow 
up to the third layer, the Network layer 24 of figure 2, where the routing 
information for the packet is determined. When acting as a more basic switch 

25 in a network the data flow will be to the second layer, the Data Link layer 23 in 
figure 2, where connection address information is determined. 

As a specific example the logic flow where the Application layer 28 has a 
message (file) to send will be considered. (In the OSI model the architecture 
30 has seven layers and the three upper layers, collectively illustrated by 

Application layer 28 in figure 2, are the application, presentation and session 
layers, as will be appreciated by those skilled in the art.) The Transport level 
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breaks it into multiple units, adds sequence numbers (IDs) and other protocol 
information, for retransmission-reassembling purposes, and delivers the 
messages to the Network level 24, which adds its own information (network 
addresses), and with all this information, determines the next path. 
5 Essentially, the Network level 24 routes the message (or packet) via 

source/destination addresses in a manner well known in the art. The Data 
Link level 23 then adds its own header (for error detection/correction) and 
sends the packet to the next level. The Data Link level also coordinates point 
to point (link) transmission, or in the case of medium access control (MAC) 

10 determines transmission priority. The Physical level is the actual method of 
transmission and includes specifying the bit-encoding format. In the typical 
Transport level there are two protocols, TCP (Transmission Control Protocol) 
and UDP (User Datagram Protocol). TCP (reliable) is used for messages, 
which require verification and require an acknowledgement from the receiver. 

15 Without an acknowledgement, the message is retransmitted until an 

acknowledgement is received. UDP (typically used for lower cost but less 
reliable transmissions), does not require verification. If the data is lost, there 
is no retransmission. E-mail in most networks and in the Internet uses UDP. 
UDP is also used for some longer transmissions such as audio and video 

20 where the delays in re-transmitting the data only confuses the audio or video 
being received. Accordingly, different protocols may be employed 
depending on the particular application. 

In a switching or routing application of optical data link 10, optical and/or 
25 electronic data is received at the data links 12, 16, respectively, through an 
appropriate interface in the physical link 20. Serial to parallel shift registers 
and high-speed logic circuitry format the data at a speed compatible with the 
switch operation. The network protocol preferably follows TCP for high 
reliability and UDP for Email and other low cost messaging. The transport 
30 layer 26 breaks the file into multiple units, adds sequencing numbers (Ids) 
among other things, for retransmission and assembling purposes and passes 
this data to the network (IP) layer 24. The network layer adds its own 
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headers, such as addresses, and determines the next hop. The network layer 
routes the packet via source/destination addresses. The packet then flows 
down to the data link layer 23. The data link layer adds its own header, for 
error detection/correction, and inputs the signal to the physical layer where the 
5 signal is input to the optical signal generator, as described below. In a layer 2 
switching operation where routing is not provided, e.g., in LAN switching 
operation, the data flow would only flow up to the data link layer 23. 
Furthermore, in an even simpler switching application the switching could be 
performed entirely at the physical level. 

10 

In figure 3 a block schematic drawing of a portion of the fiber optic data 
network of figure 1, illustrating an optical signal generator in accordance with 
the present invention, is shown. 

15 Referring to figure 3, a portion of the physical layer 20 of the optical data link 
10 incorporating an optical signal generator 30 is illustrated coupled to a 
plurality of optical fibers 12. The other ends of optical fibers 12 are illustrated 
coupled to a plurality of nodes 14 which are illustrated as gateway access 
points to electronic networks. It will be appreciated from the preceding 

20 discussion that other types of network nodes 14 may equally be coupled to 
optical fibers 12. As shown, the optical signal generator 30 includes a plurality 
of input optical channels 32, which as illustrated may be N in number. For 
example, four input optical channels may be provided in one embodiment 
which will be described in more detail below. In general, however, one or 

25 more input optical channels may be provided, with the maximum number of 
optical channels only being limited by the requirements of the particular 
application and the associated cost and space constraints. As shown, input 
optical channels 32 may be provided by lasers 1-N but other optical sources, 
such as light emitting diodes, or optical fibers, may potentially be employed for 

30 some applications. The input optical channels 32 are provided to acousto- 
optic circuit 34 which converts the input optical channels to a greater number 
of output optical channels or beams which are coupled to the fibers 12. The 
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number of output optical channels and fibers 12 will also vary with the 
particular application. For example, in one particular embodiment each input 
optical channel will create 32 output optical channels coupled to 32 fibers. In 
such an embodiment 2-32 output channels may equally be provided. A 
5 greater or lesser number of output optical channels and fibers may be 

provided for each input channel, however. The number of total output optical 
channels and fibers correspond to the number of input optical channels (N) 
times the channel multiplication factor (M) for each channel, i.e., NxM output 
channels. For example, if four input channels are provided and each input 
10 channel provides 32 output channels, then a total of 128 output channels and 
fibers would be provided. In an alternate embodiment which will be described 
below in relation to figure 7, the different input optical channels may 
correspond to different wavelengths of input light provided on the same fibers. 

15 Still referring to figure 3, the acousto-optic circuit 34 also receives a data 
input along line 36 corresponding to the data to be transmitted along the 
individual fibers 12. The acousto-optic circuit 30 allows each output channel 
to be separately modulated by the data input along line 36, as will be 
described in more detail below in relation to preferred implementations of the 

20 circuit 30. Also, as illustrated in figure 3 in a preferred bidirectional 

implementation output data is provided along line 38 corresponding to data 
received along fibers 12 from other nodes in the network. 

As further illustrated in figure 3, the opposite ends of fibers 12, located at the 
25 nodes 14, are coupled to conventional optical transceivers which will convert 
the incoming modulated optical signals to electrical signals and provide output 
electrical data signals. Where nodes 14 correspond to end user gateway 
nodes, the electrical data signals in turn will be provided to and to an access 
network 44 which provides the data to a plurality of end-users along lines 46 
30 as illustrated. This gateway implementation may correspond to a last mile 
type of application such as described previously. One or more optical to 
electrical converters 40 and Internet Protocol (IP) router 42 may also be 
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provided in optical data link 10 as part of the physical layer 20, e.g., where 
one or more of the nodes 14 in figure 3 is implemented as an optical data link 
in accordance with the present invention. Thus, conventional optical 
transceivers and routers may be combined with the optical signal generator 30 
5 in various implementations of the optical data link 10, for example, in 
switching applications. 

Referring to figure 4, a preferred embodiment of the optical signal generator 
30 is illustrated corresponding to a single input optical channel 32. As shown, 

10 the input optical channel 32 may comprise a laser beam 50 provided from 
laser 52. Laser 52 may comprise a laser diode or a higher power laser, such 
as a C02 or mixed gas laser, depending on the desired number of channels 
to be generated by the laser 52. The laser beam 50 is provided to an AOM 
(Acousto-Optic Modulator) 64 via optics 54. The AOM 64 may be a 

15 commercially available high-speed AOM which employs a transparent Bragg 
cell to reflect incoming laser beam by a variable angle depending on the drive 
signal applied thereto. In the specific implementation illustrated, optics 54 
comprises mirror 56, lenses 58 and 60 and beam splitter 62. Such specific 
optics are purely illustrative in nature, however, since the specific application 

20 and the associated space constraints will dictate the particular optics 
employed. The AOM 64 receives a drive signal along line 74 from AOM 
deflector driver controller 82, which forms part of the controller circuit 80. The 
drive signal incrementally changes the index of refraction of the AOM 64 
causing a finite lateral displacement of the laser beam. This signal is varied in 

25 calibrated increments to generate plural output beams 66, M in number. For 
example, M may be 2-32 in a presently preferred embodiment, but M may be 
greater than 32 if input beam power and fiber spacing permit. Each output 
beam may be modulated at high speed with an independent data channel in 
response to a data input for the plural data channels provided along line 36. 

30 For example, a 6 ns modulation rate (166 MHz) may be provided in one 
preferred implementation. A detailed implementation of the AOM deflector 
driver controller 82 will be described below in relation to figure 5. Alternatively, 



WO 01/88609 



PCT/US01/15482 



1,3 

the output beams may be independently modulated with the data channels by 
a separate modulator or array of modulators after being output from AOM 64. 
The independently modulated beams 66 are individually coupled to respective 
fibers 12 as illustrated in figure 4. A suitable fiber spacing for beam coupling is 
5 provided. For example, a 0.160 inch fiber spacing may be suitable for a 32 
output beam embodiment. 

As described previously, the optical data link of the present invention provides 
a bidirectional optical transmission capability and the optical signal generator 

10 30 may provide some or all of such a bidirectional capability by providing an 
optical receive function for light from fibers 12. This is illustrated in the 
embodiment of figure 4 by the incoming modulated light beam provided from 
fibers 12, through AOM 64 in a reverse direction to beam splitter 62. Beam 
splitter 62 may be a conventional beam splitter known in the art and may 

1 5 incorporate an optical filter to allow one wavelength of light for transmission 
and a second wavelength for incoming light. That is splitter 62 will pass 
incoming beam 68 at one wavelength and reflect outgoing beam 50 at a 
second wavelength. Alternatively, the beam splitter may employ the teachings 
of U.S. patent No. 6,134,050, the disclosure of which is incorporated herein by 

20 reference. In an embodiment employing the '050 patent, a beam altering 

element may be placed in the optical path between laser 52 and AOM 64. The 
resulting altered beam 50 may be annular in cross section and conventional 
splitter 62 replaced with an annular mirror reflecting the altered beam to the 
AOM. The incoming beam 68 may then pass through a central hole or 

25 transparent region in the annular reflector. In either embodiment, the incoming 
light beam 68 is provided to photodetector 70 which may comprise a 
conventional photodiode. The output photocurrent from photodetector 70 is 
provided to detector 72 which converts the photocurrent to a modulated 
voltage signal provided to receiver 84 in control circuit 80. The data encoded 

30 in the modulated light signals is decoded by receiver 84 and provided as an 
output along line 38. The photodetector 70, detector 72 and receiver 84 
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alternatively may be combined in a commercially available optical receiver 
which provides the data output 38 from light beam 68. 

Referring to figure 5A and 5B, a preferred embodiment of the deflector driver 
5 controller circuit 82 is illustrated in a block schematic drawing. As illustrated, 
input data is provided along line 36 to control logic 90. The input data along 
line 36 may be in serial or parallel form and, for example, data input 36 may 
be a high-speed bus or other high-speed data interface. Control logic 90 may 
preferably be implemented as a programmable logic array, for example, an 

10 Altera programmable logic device may be used to implement the control logic. 
Control logic 90 converts the data from parallel to serial form if necessary and 
based on the number of output optical channels determines the control signals 
to be applied to the AOM 64 based on the input data. The control signals are 
output in digital form from control logic 90 to a digital to analog converter 92 

15 which provides the analog driver control signal to analog multiplier array 96. 
The analog multiplier array 96 also receives a plurality of high frequency 
oscillator signals from oscillator array 94, which oscillator array 94 also 
receives an enable signal from the control logic 90. A preferred 
implementation of the analog multiplier array 96 is illustrated in figure 5B. As 

20 shown in figure 5B, the analog multiplier array 96 may comprise a parallel 

array of individual analog multipliers each receiving an oscillator input from the 
oscillator array 94. The individual analog multiplier outputs correspond to 
discrete frequency drive signals corresponding to discrete shifts of the 
deflection angle of the AOM 64. The output of the analog multiplier array 96 

25 thus comprises a series of discrete drive signals which are selected or 
stepped in response to the control signal provided from control logic 90. 
These discrete drive signals are provided along parallel lines to 
splitter/combiner 98 which provides a single selected drive signal to level gain 
control circuit 100. Level gain control circuit 100 receives a level control 

30 signal from control logic 90 which may adjust the gain of the drive signal 
based on various factors which may be monitored by the system or input by 
the end user. The level adjusted signals are provided to an analog multiplier 
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102 which outputs a preamplified signal to power amplifier 104 which in turn 
provides the amplified drive signal along line 74 to the AOM 64. 



Referring to figure 6, a preferred embodiment of a four channel deflector 
5 driver controller circuit is illustrated. The embodiment of figure 6 generally 
corresponds to the embodiment of figure 5 duplicated four times to provide 
parallel drive signals for separate AOMs 64. Therefore, the majority of the 
circuit components illustrated in figure 6 have the same reference numerals as 
described above in relation to figure 5 and their operation will not be repeated. 

1 0 The illustrated four channel embodiment provides some space savings by 
sharing circuit components which may be combined across the multiple 
channels. In particular, a shared oscillator array 120 is employed in the 
embodiment of figure 6 as illustrated. This is possible since each AOM 64 will 
preferably be of identical construction and therefore identical oscillators may 

1 5 be used to provide the discrete deflection drive signals in each channel. In 
particular, a plurality of individual oscillators 122 may be configured in a single 
array as illustrated. This provides a more compact layout and allows sharing 
of the oscillators between the channels. Therefore, it will be appreciated that 
the four channel deflector driver controller illustrated in figure 6 may be 

20 compactly laid out on a single printed circuit board providing cost and space 
advantages in one implementation of the present invention. 



Referring to figure 7, an alternate embodiment of the signal generator of the 
present invention is illustrated employing wavelength division multiplexing 

25 along the optical fibers 12. In figure 7, a four channel embodiment is shown 
which provides four separate wavelengths of light from four lasers 52. It will 
be appreciated that four input optical channels and four wavelengths are 
purely for illustration purposes and a greater or lesser number of channels 
and wavelengths may be provided. In general, N lasers 52 with N discrete 

30 optical wavelengths are implied in the embodiment of figure 7. The manner in 
which the individual optical channels are provided to a plurality of fibers 12 
and individually modulated with input data using an array of AOMs 64 and 
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controller circuit 80 will be appreciated from the preceding embodiments. In 
the embodiment of figure 7, however, each separate AOM 64 provides the 
output optical channels to the same array of fibers 12 but with each set of 
output optical channels at a different wavelength of light. The discrete 
5 wavelength output channels are illustrated by separate output channels 128 
in figure 7. 

The number of output beams in such a wavelength division multiplexing 
embodiment thus corresponds to the multiplication factor (M) for a single 

1 0 channel. The use of multiple wavelengths provides for the multiple data 
channels on each fiber through the use of wavelength division multiplexing. 
Thus, with N input channels with N discrete wavelengths, a total of NxM data 
channels are provided. As an example, if each input channel provides 32 
output channels (M=32) and four wavelengths of light are provided on four 

15 respective input channels (N=4), then 32 output beams and fibers would be 
provided. Each fiber would receive four separate wavelengths of light and 
data transmitted in four separate wavelength division multiplexed channels. 
Therefore, 128 separate data channels would be provided. 

20 In the embodiment of figure 7, additional optics may be provided in addition to 
the optics 54 and beam splitter 62 described in the previous embodiments. In 
particular additional optics 130 which may comprise one or more lenses in 
each input optical channel may be provided as illustrated. Also, additional 
optics 132 in the output channels may be provided to allow the array of AOMs 

25 64 to all correctly optically couple to the array of fibers 12. More specifically, 
since each AOM 64 is shifted to a slightly different optical axis from the 
adjacent AOM, corrective optics 132 will be provided to allow each of the 
channels 128 to optically couple to the fibers 12 without undue power loss due 
to misalignment with the fibers. Preferably, optics 132 will flatten the optical 

30 field allowing each of the plural output beams to enter the respective fiber at 
substantially 0 degrees. 
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In the embodiment of figure 7, bi-directional transmission may be provided. 
Therefore, beam splitters 62, photodetectors 70, detectors 72 and receiver 
circuitry in controller 80 may be provided as generally described previously. 
Each filter 62 may be set to a different wavelength to allow bi-directional 
5 operation at plural wavelengths. 

In view of the foregoing, it will be appreciated that an optical signal generator 
has been disclosed providing a number of the advantageous features. In 
particular, high-speed optical signal generation into a plurality of optical fibers 
10 is provided by the present invention in a compact and cost-effective manner. 
Also, an optical data link according to the present invention may be employed 
in a variety of networking applications including optical switches and routers. 

The specific advantages and features of the present invention will vary with 
15 the particular application and are too numerous to identify for every possible 
application. One specific example of an implementation for one application will 
illustrate such potential advantages, particularly in endpoint "last mile" 
communications applications. The specific example will assume an 
embodiment of the optical signal generator which converts four beams of laser 
20 light into 128 separate output laser beams. The associated method permits 
the brightness of each of the 128 beams of light to be modulated and 
individually addressed with differing optical frequencies, with digital data at a 
clock rate of 200 MHz per second. This method permits the brightness of each 
of the 32 beams of light to be compensated so that no matter which 
25 combinations of beams are on in any moment, or which of 256 levels of 
brightness are selected, without deviation, the brightness in each of the 32 
beams always matches exactly the assigned value ranging between 0 and 
255. 

30 The total information bandwidth of the optical data link in this example is 51 .2 
Gbits/sec. capable of delivering a secure downstream subscriber data stream. 
As will be described in detail, the system is capable of modulating each of the 
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128 beams every 5 ns or at 200 Mbits/sec. By use of known high speed A/D 
circuitry in combination with grayscale technology, 8 bits of data can be 
transmitted in each clock cycle. Additionally, employing a basic A/D converter 
is the equivalent of deMUXing a high-speed data rate, i.e., from high to low 
5 rates, and therefore eliminates deMUXing requirements. 

Since the optical signal generator simultaneously creates 32 individual 
channels each having 8-bit grayscale, the data in each of the 32 channels, by 
definition, is unrelated, although it can as easily be used to multi-cast data. 

10 The electronics can therefore be clocked at 200 MHz by merely changing the 
reference clock. As a result, each input optical channel develops 32 channels 
of data or can be described as having 51 .2 G/bits of data throughput per 
channel. In a configuration that has four channels in a single package, the 
resultant system delivers a data throughput of 204.8 G/bits of data into 128 

15 single mode fibers by running the reference clock at 200 MHz. 

The system design delivers downstream data to a gateway device that 
converts the optical digital data into electronic digital data, which in turn can 
be delivered in real-time to any number of business, entertainment or 

20 information appliances. This implementation is preferably designed as a dual 
direction transmission system that can inexpensively deliver and receive real- 
time content to a household gateway or to an optical PC based network card. 
Dual directionality is achieved through the use of WDM (wavelength-division- 
multiplexing) type gratings separating the offset frequencies used for 

25 transmission in two directions. Single mode fiber connections using bi- 
directional data transfer in the same fiber using common optical transceivers 
offset in optical frequency from the downstream optical frequency may thus be 
provided. By creating a grayscale data bit, this system has the capability of 
delivering a secure downstream subscriber data stream. 

30 



In summary, this example of an implementation of the present invention 
creates 128 laser outputs from only 4 laser inputs. This extremely low cost 
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system based on the need for only 4 low cost 850nm semiconductor lasers, 
results in a versatile and highly flexible end-point data communication system 
with the high speed advantages of fiber communications and the flexibility and 
versatility of 128 high speed fiber outputs to interface with even the most 
advanced end-point communication applications. A bi-directional capability 
with a second optical switching coupled through the same fiber trunks using 
optical gratings to separate the signals operating at 10nm difference 
wavelengths is provided. The result is a versatile end point communication 
system with a total system data handling capacity of 51 .2 Gbits/sec. 

Although the present invention has been described in relation to specific 
embodiments it should be appreciated that such embodiments are purely for 
illustrative purposes and should not be viewed as limiting in any way. 
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WHAT IS CLAIMED IS: 

1 . An optical signal generator adapted for use in a fiber optic network, 
comprising: 

5 a plurality of optical fibers respectively coupled to plural nodes of the fiber 
optic network; 

an input optical channel providing a light beam; 

an acousto-optic modulator receiving the light beam and providing a plurality 
of separate output light beams independently optically coupled to respective 
1 0 optical fibers; and 

a deflector controller circuit, coupled to drive the acousto-optic modulator to 
create the plural output beams. 

2. An optical signal generator as set out in claim 1 , wherein said input optical 
1 5 channel comprises a laser providing said light beam. 

3. An optical signal generator as set out in claim 2, wherein said laser 
comprises a laser diode. 

20 4. An optical signal generator as set out in claim 2, wherein said laser 
comprises a gas laser. 

5. An optical signal generator as set out in claim 1 , wherein said plural output 
beams are M in number. 

25 

6. An optical signal generator as set out in claim 5, wherein M is in the range 
2-32. 

7. An optical signal generator as set out in claim 1 , wherein said deflector 
30 controller circuit is coupled to receive a data input and independently 

modulates the plural output beams based on the input data. 
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8. A multi-channel optical signal generator adapted for use in a fiber optic 
network, comprising: 

a plurality of optical fibers respectively coupled to plural nodes of the fiber 
optic network; 

5 a plurality of input optical channels providing a plurality of input light beams; 
an acousto-optic modulator array receiving the plurality of input light beams 
and providing a plurality of separate output light beams independently 
optically coupled to respective optical fibers; and 

a deflector controller circuit, coupled to drive the acousto-optic modulator 
1 0 array, for driving the modulator array to create the plural output beams. 

9. An optical signal generator as set out in claim 8, wherein said deflector 
controller circuit is coupled to receive a data input and independently 
modulates the plural output beams based on the input data. 

15 

10. An optical signal generator as set out in claim 8, wherein the input optical 
channels are N in number and wherein said plural output beams are MxN in 
number. 

20 1 1 . An optical signal generator as set out in claim 1 0, wherein there are 2-4 
input optical channels and 2-32 output beams. 

12. An optical signal generator as set out in claim 1 1 , wherein there are 4 
input optical channels and 128 output optical channels. 

25 

13. An optical signal generator as set out in claim 10, wherein said acousto- 
optic modulator array comprises N acousto-optic modulators. 

14. A wavelength division multiplexed optical signal generator adapted for use 
30 in a fiber optic network, comprising: 

a plurality of optical fibers respectively coupled to plural nodes of the fiber 
optic network; 
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a plurality of input optical channels providing a plurality of light beams at a 
plurality of discrete wavelengths; 

an acousto-optic modulator receiving the plurality of light beams and providing 
a plurality of separate output light beams independently optically coupled to 
5 respective optical fibers; and 

a controller circuit, coupled to receive a data input and coupled to drive the 
acousto-optic modulator to create the plural output beams, for independently 
modulating the plural output beams based on the input data to provide plural 
output wavelength division multiplexed data channels for each output beam. 

10 

15. An optical signal generator as set out in claim 14, wherein the input optical 
channels are N in number, the output beams are M in number and wherein 
the total output data channels are MxN in number. 

15 16. An optical data link adapted for use in a fiber optic network, comprising: 
a physical layer comprising a plurality of optical fibers respectively coupled to 
plural nodes of the fiber optic network and providing bidirectional modulated 
optical signals, an optical signal generator comprising a source of at least one 
light beam, and an acousto-optic circuit receiving the light beam and from 

20 said light beam providing a plurality of separate output independently 
modulated light beams optically coupled to respective optical fibers; and 
an upper logical data layer coupled to the physical layer and providing data to 
and from the physical layer, the upper data layer including data switching 
information. 

25 

17. An optical data link as set out in claim 16, wherein said upper data layer 
comprises a data link layer including network address information. 

18. An optical data link as set out in claim 16, wherein said upper data layer 
30 comprises a network layer including network routing information. 

19. A method for transmitting data in a fiber optic network, comprising: 
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receiving data to be transmitted over the network; 

acousto-optically generating a plurality of separate output light beams from 
an input beam of light; 

independently modulating the light beams using the received data to form 
5 modulated optical signals; 

optically coupling the modulated light beams to respective plural optical 
fibers; and 

providing the data in the form of the modulated optical signals to plural nodes 
of the fiber optic network via the plurality of optical fibers. 

10 

20. A method for transmitting data in a fiber optic network as set out in claim 
19, wherein the received data to be transmitted comprises data packets 
having data routing information and wherein the method comprises directing 
the data packets to the nodes based on the routing information. 



20 
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FIG. 1 
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00 (54) Title: LIGHT BEAM DISPLAY WITH INTERLACED LIGHT BEAM SCANNING 

(57) Abstract: A light beam display employing interlaced light beam scanning comprising a display screen (206) having a vertical 
and a horizontal dimension, a source of a plurality of light beams (200, 300) and an optical path including a movable reflector 
(32) having a plurality of reflective facets (34) between the display screen (206) and the light beam source. The movable reflector 
(32) directs the plural light beams (202, 302) to the display screen (206) via one or more facets of the movable reflector (32) to 
simultaneously illuminate plural different scan lines of the display which are spaced apart by plural non-illuminated scan lines. An 
optical mechanical element (216, 316) is provided for vertically shifting the light beams so as to illuminate different scan lines of 
the display screen. 
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LIGHT BEAM DISPLAY WITH INTERLACED LIGHT BEAM SCANNING 
RELATED APPLICATION INFORMATION 

5 

The present application claims priority under 35 USC 119 (e) to provisional 
application serial no. 60/244,075 filed October 27, 2000, the disclosure of which is 
incorporated herein by reference. 

10 BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to displays and methods of displaying video 
15 information. More particularly, the present invention relates to light beam displays 
and methods of scanning light beams to display video information. 

2. Description Of The Prior Art And Related Information 

20 High resolution displays have a variety of applications, including computer 

monitors, HDTV and simulators. In such applications, the primary considerations 
are resolution, maximum viewable area, cost and reliability. Although a number of 
approaches have been employed including CRT displays, rear projection and front 
projection displays, plasma displays and LCDs, none of these have been able to 

25 satisfactorily provide all the above desirable characteristics. In other display 
applications, such as control panel displays, and vehicle and aircraft on-board 
displays, resolution is of less importance than brightness, compact size and 
reliability. 

30 Although light beam based displays such as light emitting diode or laser 

beam displays potentially can provide many advantages for displays of both types 
noted above, such displays have not been widely employed. This is due in large 
part to limitations in the ability to scan the light beam over the display screen with 
the needed accuracy. One conventional approach to scanning a laser beam 

35 employs a rotating mirror to scan the laser beam in a linear direction as the mirror 
rotates. Typically, the mirror is configured in a polygon shape with each side 
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corresponding to one scan length of the laser beam in the linear direction. A 
vertical shifting of the beam may typically be provided by a second mirror to 
provide a two dimensional scanning such as is needed for a display application. 

5 An example of such a rotating polygon laser beam XY scanner is illustrated 

in Figure 1. The prior art laser beam scanning apparatus shown in Figure 1 
employs a polygon shaped mirror 1 which receives a laser beam provided by laser 
2 and deflects the laser beam in a scanning direction X as the polygon 1 rotates. A 
second mirror 3 is configured to shift the beam vertically in the Y direction so as to 

10 scan consecutive horizontal lines. The two mirrors thus scan the full X direction 
and full Y direction, respectively. It will be appreciated by those skilled in the art 
that as the size of the display and the resolution of the display increase it becomes 
extremely difficult to maintain the needed precise alignment of the two moving 
mirrors. Various types of distortion can result which are unacceptable for high 

15 resolution applications such as HDTV. These factors present serious problems for 
providing a commercially acceptable scanned laser or light beam display. 

Accordingly, a need presently exists for a scanned light beam display which 
can provide accurate scanning in both horizontal and vertical directions. 
20 Furthermore, a need presently exists for such a display which does not add unduly 
to the costs of the display. 

SUMMARY OF THE INVENTION 

25 In a first aspect, the present invention provides a light beam display 

comprising a display screen having a vertical and a horizontal dimension, a source 
of a plurality of light beams and an optical path including a movable reflector 
having a plurality of reflective facets between the display screen and the light 
beam source. The movable reflector directs the plural light beams to the display 

30 screen via one or more facets of the movable reflector to simultaneously illuminate 
plural different scan lines of the display which are spaced apart by plural non- 
illuminated scan lines. An optical mechanical element is provided for vertically 
shifting the light beams so as to illuminate different scan lines of the display 
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screen. This interlacing of the horizontal scan lines allows the amount of vertical 
shifting to be minimized allowing very accurate scanning of the entire display area. 

Preferably, the movable reflector is a rotatable polygon and the light beam 
5 display further comprises a motor for rotating the polygon at a predetermined 
angular speed thereby bringing successive facets into the optical path so as to 
intercept the plural light beams. The light beam source preferably comprises a first 
plurality of light emitting diodes configured in an array comprising a plurality of 
rows and at least one column. The array may have three columns wherein each 

10 column corresponds to a light beam source having a primary color. In one 
preferred embodiment, employing two panels illuminated on the display screen, 
the light beam source may further comprise a second plurality of light emitting 
diodes configured in an array comprising a plurality of rows and at least one 
column and wherein the optical path directs the plural light beams to the display 

15 screen via respective first and second facets of the movable reflector to 
simultaneously illuminate different horizontal regions, or panels, of the display. The 
optical mechanical element may comprise a galvanometer or piezo electric device 
coupled to a second movable reflector. 

20 In a further aspect the present invention provides a light beam display 

comprising an input for receiving video data, the video data including a plurality of 
horizontal lines of display information, a display screen, a first plurality of light 
beam sources configured in an array comprising a plurality of rows and at least 
one column, and a second plurality of light beam sources configured in an array 

25 comprising a plurality of rows and at least one column. A memory stores a plurality 
of horizontal lines of video data and a control circuit simultaneously activates the 
light beam sources in accordance with video data from plural horizontal lines 
stored in said memory, such that each of the activated horizontal lines is spaced 
apart by plural unactivated horizontal lines. First and second optical paths are 

30 provided between the display screen and the first and second plurality of light 
beam sources, respectively, each comprising a first movable reflector having a 
plurality of reflective facets and a second movable reflector, for directing the 
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simultaneously activated plural beams to the display screen. The first movable 
reflector may be shared for the two optical paths and horizontally scans the first 
and second plurality of light beams. The second movable reflector of each path 
vertically scan the first and second plurality of light beams so as to sequentially 
5 scan all the horizontal lines. 

In a further aspect the present invention provides a method of displaying 
information on a display screen employing a plurality of light beams. The method 
comprises directing a plurality of light beams to the display screen and scanning 

10 the plurality of light beams in a first direction to simultaneously trace out a first 
plurality of parallel scan lines on the display screen, the first plurality of parallel 
scan lines being spaced apart in a second direction. For example, 32 parallel scan 
lines spaced apart by 8 lines may be provided. The method further comprises 
shifting the plurality of light beams in the second direction and then again scanning 

15 the plurality of light beams in the first direction to simultaneously trace out a 
second plurality of parallel scan lines on the display screen, the second plurality of 
parallel scan lines being spaced apart in the second direction and interlaced with 
the first plurality of parallel scan lines. The method comprises repeating the 
shifting and scanning to trace out a third plurality of parallel scan lines on the 

20 display screen, the third plurality of parallel scan lines being spaced apart in the 
second direction and interlaced with said first and second plurality of parallel scan 
lines. The entire display screen is illuminated by sequentially repeating the shifting 
and scanning a plurality of times. For example, for a spacing of 8 scan lines the 
shifting and scanning are performed 8 times. The display screen may have a 

25 generally rectangular configuration and the first direction corresponds to the 
horizontal dimension of the screen and the second direction corresponds to the 
vertical dimension of the screen. The horizontal direction may be divided into 
panels scanned by separate beam sources. 

30 Further aspects of the present invention will be appreciated by the following 

detailed description of the invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a top schematic view of a prior art laser scanning apparatus. 

5 Figure 2A and Figure 2B are schematic drawings of a light beam display in 

accordance with a preferred embodiment of the present invention. 

Figure 3 is a schematic drawing of a scan pattern in accordance with the 
operation of the light beam display of the present invention. 

10 

Figures 4A-4H are schematic drawings of a scan pattern provided in 
accordance with a preferred mode of operation of the light beam display of the 
present invention. 

15 

DETAILED DESCRIPTION OF THE INVENTION 

Referring to Figure 2A and Figure 2B, a preferred embodiment of the light 
beam display of the present invention is illustrated in a schematic drawing 

20 illustrating the basic structure and electronics of the embodiment. The dimensions 
of the structural components and optical path are not shown to scale in Figure 2B, 
and the specific dimensions and layout of the optical path will depend upon the 
specific application. The light beam sources, multi-faceted polygon and other 
optics, and the display electronics may employ the teachings of the U.S. Patent 

25 Application Serial No. 09/169,163 filed October 8, 1998, now US Patent No. 
6,175,440, issued January 16, 2001, the disclosure of which is incorporated herein 
by reference. The teachings of U.S. Patent No. 6,008,925 issued December 28, 
1999; U.S. Patent No. 5,646,766 issued July 8, 1997 and U.S. Patent No. 
5,166,944 issued November 24, 1992; the disclosures of which are incorporated 

30 herein by reference, may also be employed. Accordingly, the following will not 
describe in detail all aspects of the display and reference may be made to the 
above noted patents for additional details. 

The display of Figure 2A and Figure 2B includes a first source 200 of a 
35 plurality of light beams 202, which plural beams may include beams of different 

5 
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frequencies/colors as discussed in detail below, and a first optical path for the light 
beams between the light source 200 and a display screen 206. A second source 
300 of a plurality of beams 302 is also provided, with a generally parallel second 
optical path to display screen 206. The beam activation is controlled by control 
5 electronics 220 in response to video data from source 100, in a manner described 
in more detail below. As one example of a presently preferred embodiment, the 
light sources 200, 300 may each comprise a rectangular array of light emitting 
diodes having a plurality of rows and at least one column. A monochrome display 
may have a single column for each diode array whereas a color display may have 

10 3 or more columns. In particular, additional columns may be provided for light 
intensity normalization. For example, two green columns could be provided where 
green diodes provide lower intensity light beams than red and blue diodes. A color 
array thus provides the 3 primary colors for each row. The number of rows 
corresponds to the number of parallel scan lines traced out on the display screen 

15 206 by each diode array. For example, 32 rows of diodes may be employed. 
Each two-dimensional diode array 200, 300 may thus provide from 1 to 96 
separate light beams 202, 302 simultaneously (under the control of control 
electronics 220, providing a scan pattern as discussed below). The number of light 
sources (such as LEDs or fibers) per delivery head 200, 300 may vary depending 

20 on the resolution requirements. Other sources of a plurality of light beams may 
also be employed. For example, a single beam may be split into a plurality of 
independently modulated beams using an AOM modulator, to thereby constitute a 
source of a plurality of beams. Such an approach for creating plural beams using 
an AOM modulator is described in U.S. Patent No. 5,646,766, incorporated hereby 

25 by reference. 

The light beam display includes a first movable reflector for horizontal 
scanning, preferably comprising a multifaceted polygon reflector 32. The numbers 
of facets on the polygon may correspond to the spacing between simultaneously 
30 scanned horizontal lines but may vary depending on the resolution requirements. 
The polygon shaped reflector 32 is preferably coupled to a variable speed motor 
which provides for high speed rotation of the reflector 32 such that successive flat 
reflective facets 34 on the circumference thereof are brought into reflective contact 
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with the light beams. The rotational speed of the reflector 32 is monitored by an 
encoder (not shown) which in turn provides a signal to motor control circuit 36 
which is coupled to the control electronics 220. The motor control circuitry, power 
supply and angular velocity control feedback may employ the teachings in the 
5 above noted U.S. Patent No. 5,646,766. Although a polygon shaped multi-faceted 
reflector 32 is presently preferred, it will be appreciated that other forms of 
movable multi-sided reflectors may also be employed to consecutively bring 
reflective flat surfaces in reflective contact with the light beams. Such alternate 
reflectors may be actuated by any number of a wide variety of electromechanical 

10 actuator systems, including linear and rotational motors, with a specific actuator 
system chosen to provide the desired speed of the facets for the specific 
application. A vertical optical-mechanical device or element 216, 316 for each set 
of beams 202, 302 provides vertical shifting of the beams under the control of 
circuitry 38 and control electronics 220. The vertical optical-mechanical device or 

15 element 216, 316 may comprise a second movable reflector for each of beams 
202, 302. For example, a galvanometer actuated reflector may be employed. 
Other optical mechanical devices or elements may also be employed, including 
known piezo electric elements. In an alternate embodiment, vertical shifting of the 
beams may be provided by tilting the facets on reflector 32. Suitable modifications 

20 for such an embodiment will be appreciated from the disclosures of the '440 patent 
and '075 application incorporated herein by reference. 

The optical path for beams 202, 302 from each light beam source 200, 300 
is configured such that the light beams intercept the rotating polygon 32 in a 

25 manner so as to provide a desired scan range across display screen 206 as the 
polygon rotates and such that the vertical displacement of the lines is 
accomplished using the optical mechanical element 216, 316 for each optical path. 
The optical paths will depend on the specific application and as illustrated may 
comprise collimating optics 208, 308 and projection optics 210, 310 respectively 

30 provided for light beams 202, 302 so as to focus the beams with a desired spot 
size on display screen 206. Also, the optical paths may employ common (or 
separate) reflective optical element 212 to increase the path length. Each of 
collimating optics 208, 308 and projection optics 210, 310 may comprise one or 
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more lenses and one or more reflectors. In the particular illustrated embodiment, 
collimating optics for the first beam path comprises mirror 222, lens 224, lens 226, 
lens 228, mirror 230, and lens 232. Collimating optics for the second beam path 
comprises mirror 322, lens 324, lens 326, lens 328, mirror 330, and lens 332. 
5 Collimating optics 208, 308 provide the collimated beams to first vertical optical 
mechanical element 216 and second optical mechanical element 316, 
respectively, which may comprise movable reflectors as described above. The 
beams for the first beam path are then provided, via polygon 32, to projection 
optics 210 which may comprise lens 236 and mirror 238, which provide the beams 
10 to mirror 212 and then to the display screen 206. The beams for the second beam 
path are in turn provided, via a different facet of polygon 32, to projection optics 
310 which may comprise lens 336 and mirror 338, which provide the beams to 
mirror 212 and then to the display screen 206. 

15 It will be appreciated that a variety of modifications to the optical path and 

optical elements illustrated in Figure 2B are possible. For example, additional 
optical elements may be provided to increase the optical path length or to vary the 
geometry to maximize scan range in a limited space application. Alternatively, the 
optical path may not require any path extending elements such as reflective 

20 element 212 in an application allowing a suitable geometry of beam sources 200, 
300, reflector 32 and screen 206. Similarly, additional focusing or collimating 
optical elements may be provided to provide the desired spot size for the specific 
application. In other applications the individual optical elements may be combined 
for groups of beams less than the entire set of beams in each path. For example, 

25 all the diodes in a single row of a diode array may be focused by one set of optical 
collimating elements. In yet other applications, the focusing elements may be 
dispensed with if the desired spot size and resolution can be provided by the light 
beams emitted from the diode arrays 200, 300 itself. The screen 206 in turn may 
be either a reflective or transmissive screen with a transmissive diffusing screen 

30 being presently preferred due to the high degree of brightness provided. 

As further illustrated schematically in Figure 2A and Figure 2B and Figure 3, 
which illustrates a scan pattern at one vertical position, the optical paths provide 
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the plurality of light beams 202, 302 simultaneously on respective facets 34 of the 
rotating reflector 32 to illuminate two panels of screen 206. In particular, plural 
beams 202 are simultaneously directed to respective spots or pixels on a first 
panel or section 240 of display 206 via a first facet. Plural beams 302 are in turn 
5 simultaneously directed to a different set of pixels on a second panel or section 
340 of display 206 via a second facet. To provide a seamless image an overlap 
region 242 may be provided. A plurality of beams from a light source 200 or 300 
may also simultaneously illuminate a single pixel. In particular, in a color display 
all three diodes in a single row of the diode array may simultaneously illuminate a 

10 single pixel. Even in a monochrome display application plural beams may be 
combined at a single pixel to provide increased brightness. This combination of 
plural beams to a pixel is implied by the beams illustrated generally in Figure 3 
being directed to display 206, each of which preferably includes plural distinct 
component beams of different frequency or color. The specific manner in which 

15 the beams 202, 302 trace out the video data on the screen 206 is shown in 
Figures 4A-H. 

Figures 4A-H are a sequential illustration of the light beam scan pattern and 
scanning method provided by the display. Each facet scans a portion of the entire 

20 vertical field (32 lines per facet evenly spaced at 8 horizontal lines in this illustrated 
example). Each of Figures 4A-4H represents a new vertical scan position, each 
comprising plural horizontal scan lines (e.g., 32 as illustrated) scanned by a new 
facet. The vertical displacement of the lines is accomplished using the respective 
optical mechanical element 216, 316 for each panel 240, 340. For the illustrated 8 

25 line spacing, the vertical shifting covers only 8 lines. A memory in control 
electronics 220 stores the plurality of horizontal lines of video data for the entire 
vertical display. A control circuit in control electronics 220 simultaneously activates 
the light beam sources in accordance with the video data from plural horizontal 
lines stored in the memory for a given vertical position, such that each of the 

30 activated horizontal lines is spaced apart by plural unactivated horizontal lines as 
illustrated in each of Figures 4A-H. The entire display screen is illuminated by 
sequentially repeating the vertical shifting and horizontal scanning a plurality of 
times as shown in Figures 4A-H. That is, Figures 4A-H cumulatively represent the 
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entire vertical display information. The benefit of this new scan pattern is the very 
small amount of movement required by the optical mechanical elements 216, 316, 
e.g., a galvanometer, which enables the horizontal lines to be very straight. It will 
be appreciated that the choice of spacing between simultaneously scanned 
5 horizontal lines (i.e., n=8) in the illustration and the number of simultaneously 
scanned horizontal lines (i.e., 32) is simply one example and these numbers may 
be varied for the specific display application. 

Some or all of these scanning advantages may also obtain for other 
10 applications. Therefore, the interlaced beam scanning optics and scan pattern 
described herein may be employed for applications other than a display, which 
require accurate scanning of a light beam. 

While the foregoing detailed description of the present invention has been 
15 made in conjunction with specific embodiments, and specific modes of operation, it 
will be appreciated that such embodiments and modes of operation are purely for 
illustrative purposes and a wide number of different implementations of the present 
invention may also be made. Accordingly, the foregoing detailed description 
should not be viewed as limiting, but merely illustrative in nature. 
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WHAT IS CLAIMED IS: 

1 . A light beam display, comprising: 

a display screen having a vertical and a horizontal dimension; 
5 a source of a plurality of light beams; 

an optical path including a movable reflector having a plurality of reflective 
facets between the display screen and the light beam source for directing said 
plural light beams to the display screen via one or more facets of the movable 
reflector to simultaneously illuminate plural different scan lines of the display, 
10 wherein said simultaneously illuminated scan lines are spaced apart by plural non- 
illuminated scan lines; and 

an optical mechanical element for vertically shifting the light beams so as 
to illuminate different scan lines of the display screen. 

2. A light beam display as set in claim 1 , wherein the movable reflector 
15 is a rotatable polygon and wherein the light beam display further comprises a 

motor for rotating the polygon at a predetermined angular speed thereby bringing 
successive facets into the optical path so as to intercept the plural light beams. 

3. A light beam display as set in claim 1 , wherein the light beam source 
comprises a first plurality of light emitting diodes configured in an array comprising 

20 a plurality of rows and at least one column. 

4. A light beam display as set out in claim 3, wherein the array has 
three columns and wherein each column corresponds to a light beam source 
having a primary color. 

5. A light beam display as set out in claim 3, wherein the light beam 
25 source further comprises a second plurality of light emitting diodes configured in 

an array comprising a plurality of rows and at least one column and wherein the 
light beam display further comprises control means for simultaneously activating 
said first and second plurality of diodes and wherein said optical path directs said 
simultaneously activated plural light beams to the display screen via respective 
30 first and second facets of the movable reflector to simultaneously illuminate 
different horizontal regions of the display. 
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6. A light beam display as set out in claim 5, wherein the light beam 
sources comprise arrays of red, blue and green semiconductor diodes. 

7. A light beam display as set out in claim 1, wherein the optical 
mechanical element comprises a second movable reflector. 

5 8. A light beam display as set out in claim 7, wherein the optical 

mechanical element further comprises a galvanometer coupled to the second 
movable reflector. 

9. A light beam display as set out in claim 1, wherein the optical 
mechanical element comprises a piezo electric device. 

10 10. A light beam display, comprising: 

an input for receiving video data, the video data including a plurality of 
horizontal lines of display information; 
a display screen; 

a first plurality of light beam sources configured in an array comprising a 
15 plurality of rows and at least one column; 

a second plurality of light beam sources configured in an array comprising a 
plurality of rows and at least one column; 

a memory for storing a plurality of horizontal lines of video data; 
a control circuit for simultaneously activating said light beam sources in 
20 accordance with video data from plural horizontal lines stored in said memory, 
each of said activated horizontal lines being spaced apart by plural unactivated 
horizontal lines ; and 

first and second optical paths between the display screen and the first and 
second plurality of light beam sources, respectively, comprising a first movable 
25 reflector having a plurality of reflective facets and a second movable reflector for 
each path, for directing said simultaneously activated plural beams to the display 
screen, wherein the first movable reflector horizontally scans the first and second 
plurality of light beams and the second movable reflector of each path vertically 
scans the first and second plurality of light beams, respectively, so as to 
30 sequentially scan all the horizontal lines. 
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11. A light beam display as set in claim 10, wherein the first movable 
reflector is a rotatable polygon and wherein the light beam display further 
comprises a motor for rotating the polygon at a predetermined angular speed 
thereby bringing respective facets into the optical path so as to intercept the plural 

5 light beams. 

12. A light beam display as set in claim 10, wherein each of the arrays of 
light beam sources have plural columns which correspond to a different color of 
light. 

13. A light beam display as set out in claim 10, wherein each 
10 simultaneously scanned horizontal line is spaced apart by 8 lines. 

14. A light beam display as set out in claim 10, wherein the plurality of 
light beam sources comprise light emitting diodes. 

15. A light beam display as set out in claim 1 0, wherein each array 
comprises 32 rows of light emitting diodes and 32 lines are simultaneously 

15 scanned horizontally. 

16. A method of displaying information on a display screen employing a 
plurality of light beams, comprising: 

directing a plurality of light beams to the display screen; 
scanning the plurality of light beams in a first direction to simultaneously 
20 trace out a first plurality of parallel scan lines on the display screen, the first 
plurality of parallel scan lines being spaced apart in a second direction; 
shifting the plurality of light beams in the second direction; 
scanning the plurality of light beams in the first direction to simultaneously 
trace out a second plurality of parallel scan lines on the display screen, the second 
25 plurality of parallel scan lines being spaced apart in the second direction and 
interlaced with said first plurality of parallel scan lines; and 

repeating said shifting and scanning to trace out a third plurality of parallel 
scan lines on the display screen, the third plurality of parallel scan lines being 
spaced apart in the second direction and interlaced with said first and second 
30 plurality of parallel scan lines. 
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17. A method as set out in claim 16, wherein said display screen has a 
generally rectangular configuration and wherein said first direction corresponds to 
the horizontal dimension of said screen and said second direction corresponds to 
the vertical dimension of said screen. 

5 18. A method as set out in claim 17, wherein the entire display screen is 

illuminated by sequentially repeating the shifting and scanning a plurality of times. 

19. A method as set out in claim 17, wherein the parallel scan lines 
comprises 32 scan lines. 

20. A method as set out in claim 18, wherein the parallel scan lines are 
10 separately provided in two horizontal panels. 
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(57) Abstract: A device for the generation of specific colored light including white light by luminescent down conversion and 
additive color mixing based on a light-emitting diode "LED"(1) comprising a semiconductor light-emitting layer emitting near UV 
light about 370-420 nm or blue light about 420-480 nm and phosphors (6) which absorb completely or partly the light emitted by 
the light-emitting component and emit light of wavelengths longer than that of the absorbed primary light, wherein the light emitting 
layer of the light emitting component is preferably a Ga(In)N-based semiconductor; and at least one of the phosphors (6) contains a 
metal sulfide fluorescent material activated with europium containing at least one element selected from the group consisting of Ba, 
Sr, Ca, Mg and Zn; and/or at least another phosphor (6) which contains a complex thiometalate fluorescent material activated with 
either europium, cerium or both europium and cerium containing at least one element selected from the group consisting of Ba, Sr, 
Ca, Mg and Zn; and at least one element selected from the group consisting of Al, Ga, In, Y, La and Gd. 
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Luminescence Conversion Based Light Emitting Diode and 
Phosphors for Wavelength Conversion 

5 FIELD OF INVENTION 

The invention relates to a light emitting device and phosphors for the 
generation of specific, colored light, including white light, by luminescent down 
conversion and additive color mixing based on a light-emitting diode (LED) 
comprising a light-emitting semiconductor component which emits a primary light in 

10 the range of 370 to 480 nm and especially in the UV spectral range from about 370 to 
415 nm, or in the blue spectral range from about 420 to 480 nm. The chip or a 
plurality of chips in a lighting unit is covered directly or indirectly by a phosphor or a 
combination of various phosphors, described as phosphor blends, which absorb 
completely or partly the primary light emitted by the light-emitting semiconductor 

15 component and emit a secondary light of wavelengths higher than that one of the 
primary light. The light-emitting semiconductor component is preferably a Ga(In)N- 
based semiconductor. The phosphors comprise at least a metal sulfide 
photoluminescent material MS activated with europium containing at least one 
element selected from the group M = Ba, Sr, Ca, Mg, Zn , and/or a complex 

20 thiometalate photoluminescent material M*N* 2 S4 activated with either europium, 
cerium or both, europium and cerium, containing at least one element selected from 
the group M* = Ba, Sr, Ca, Mg, Zn, and at least one element selected from the group 
N* = Al, Ga, In, Y, La, Gd. 

In this disclosure, a phosphor blend is defined as any combination of two or 

25 more photoluminescent materials the output of which, in combination with the 
emission of the semiconductor, is capable of producing colored emission including 
white emission with a high color rendering index value or specific broad band or 
multi-band emission with defined color coordinates. Photophysical data regarding all 
of the above requirements have been investigated, and as a result a device may be 

30 fabricated in which the excitation/emission profiles of phosphors are optimally 
selected as required for a specific purpose. 
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DESCRIPTION OF RELATED ART 

Solid state light sources based on light-emitting semiconductor components have been 
5 available for many years. Special interest is dedicated to light emitting diodes (LEDs) 
and to phosphors for converting primary light of a light emitting semiconductor 
component to longer wavelength, for example, for general purpose illumination as 
described, for example, in US 5 998 925, WO 00/33390 and WO 00/33389. 

US 5 998 925 discloses a white light emitting LED device. It uses yttrium 

10 aluminum garnet doped with cerium, Y 3 Al 5 0i 2 :Ce, to convert blue emission of an 
InGaN-diode into yellow to produce white light of suitable color temperature. 
Another approach (WO 00/33390) uses a combination of a blue emitting LED 
together with a green and red phosphor. The phosphors are at least one of a first 
phosphor , among others thiogallates (Sr,Ca ! Ba)(Al,Ga) 2 S 4 :Eu 2+ , and at least one of a 

15 second phosphor, among others metal sulfide SrS:Eu 2+ , or (Ca,Sr)S:Eu 2+ , or 

thiogallate CaLa^S^Ce 3 ' 1 " , to produce white light of distinct color temperature. The 
thiogallate (Sr,Ca,Ba)(Al,Ga) 2 S4:Eu 2 ' t " can be used to generate specific colors together 
with light emitting elements such as blue LEDs, see WO 00/33389. 

The above mentioned phosphors can be used to produce white light with 

20 various color temperatures and suitable index of color rendering by luminescent down 
conversion of primary LED emission, but they exhibit several drawbacks related to 
total conversion efficiency, absorption strength, emission wavelength tunability, 
thermal quenching characteristics and life time which are of high importance for using 
these phosphors in LEDs. 

25 

SUMMARY OF THE INVENTION 

The object of the present invention is to provide a light emitting device having a 
light-emitting semiconductor component and a phosphor or a phosphor blend whereby 
30 the phosphors are capable of absorbing, with high efficiency, the primary light 
emitted by the light-emitting semiconductor component and emitting secondary light 
of wavelengths higher than that one of the primary light whereby secondary light 
emitted by the phosphors and primary light of the light-emitting semiconductor 
component may combine to generate light of any color, including white light. 
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Thus, the present invention provides a light-emitting device, comprising a light- 
emitting semiconductor component, emitting in the UV to blue spectral range between 
370 and 480 run, preferably between 370 and 415 nm or 420 to 480 nm, in 
combination with a phosphor or phosphor blend comprising at least one, preferably at 
5 least two, phosphors capable of absorbing at least a part of the primary light emitted 
by the light-emitting semiconductor component and emitting secondary light of 
wavelengths higher tan that one of the primary light. Said light-emitting 
semiconductor component comprises preferably a Ga(In,Al)N-based semiconductor. 
Said at least one phosphor comprises a photoluminescent metal sulfide MS (Type I 

10 phosphor) comprising at least one element selected from the group M = Ba, Mg, and 
Zn alone or in combination with at least one of Sr, Ca; the sulfide being activated with 
europium, or it comprises at least one phosphor comprising a complex metal 
thiometallate photoluminescent material M*N* 2 S 4 (type II phosphor) comprised of at 
least one element selected from the group M* = Mg, Zn, alone or in combination with 

15 at least one of Ba, Sr, Ca, and at least one element selected from the group N* = Al, 
Ga, alone or in combination with In, Y, La, Gd, the thiogallate being activated with at 
least one of europium (Eu) and cerium (Ce). 

Preferably at least one of type I and one of type II phosphor, possibly with 
addition of other well-known phosphors, can be combined to achieve a specific color 

20 (for example magenta) or even white light when irradiated by a LED emitting primary 
UV or blue light as specified above. 

Beside the main characteristics, like spectral range of emission and absorption, 
and total conversion efficiency, additional important characteristics of the phosphors 
include 1) resistance to thermal quenching of luminescence at typical device operating 

25 temperatures (e.g. 80°C); 2) lack of interfering reactivity with the encapsulating resins 
used in the device fabrication; 3) suitable absorptive profiles to minimize dead 
absorption within the visible spectrum; 4) a temporally stable luminous output over 
the operating lifetime of the device and; 5) compositionally controlled tuning of the 
phosphors excitation and emission properties. 

30 In addition, the chemical compositions of the phosphors play a decisive role 

due to the composition dependent crystal field dependence of absorption, emission 
and conversion behavior of the optical 4f-5d transition of the emitting centers, Eu 2+ 
and Ce 3+ applied herein. 
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The invention also relates to phosphor compositions according to MS:Eu (type I 
phosphor) with M is at least one of M = Ba, Mg, Zn alone or in combination with Sr, 
Ca. This type of phosphor emits in the red spectral range of the visible spectrum and 
thus provides the red component in LEDs emitting specific colors or even white light. 
5 In particular, the invention relates to specific phosphor compositions (type I 

phosphor) according to (Sr,„ x . y M x Eu y )S with M is at least one of = Ba, Mg, Zn alone 
or in combination with Ca and 0< x < 0.5 and 0< y <0.10. Preferred are the binary 
compositions according to (Sr t . x . y Ba x Eu y )S with x< 0.25 and the ternary 
compositions according to (Sr,. x . 2 _ y Ca x Ba z Eu y )S with x + y + z < 0.35 which exhibit a 
10 high quantum efficiency of 65-80 %, high absorbance in the range from 370 nm to 
470 nm of 60-80% and low loss, below 10%, of the luminescent lumen output from 
room temperature to 100 °C due to thermal quenching. 

The invention also relates to phosphor compositions according to 
M*N* 2 S 4 :Eu,Ce (type II phosphor) with M* is at least one of M* = Mg, Zn alone or 
1 5 together with at least one of Ba, Sr, Ca, and N* is at least one of N* = Al, Ga, alone or 
together with small amounts (below 20%) of In, Y, La, Gd, which emits in the blue, 
green or green-yellow spectral range of the visible spectrum and thus can provide the 
blue, green or green-yellow component in LEDs emitting specific colors or even 
white light. 

20 In particular, the invention relates to specific compositions (type II phosphor) 

containing Mg as one of the host lattice elements according to (M**i. u Mg u )(Gai. 
vN* v )2S 4 :Ce with u < 0.75 and v <; 0.10, and M** is at least one of M** = Ba, Sr, Ca, 
Zn. 

In particular, the invention relates to specific compositions (type II phosphor) 
25 according to (M** 1 . s . t Eu s Ce t )(Ga 1 . v N* v ) 2 S4 with M** is at least one of = Mg, Zn alone 
or in combination with Sr, Ba, Ca, and N* = Al, In, Y, La, Gd and 0 < s < 0.10 and 0 
£ t:s < 0.2 with v s 0.10, which emit in green to green-yellow spectral range of the 
visible spectrum from 500 nm to 555 nm. 

In particular, the invention relates to specific binary compositions (type II 
30 phosphor) according to ((Ba,. u Mg u ),_ s J3u s Ce t )(Ga 1 _ v N* v ) 2 S 4 with u < 0.75 and v < 0.10 
and 0 < s < 0.10 and 0 s t:s < 0.2 which emit in green spectral range of the visible 
spectrum from 500 nm to 540 nm and may exhibit a quantum efficiency above 75%, 
preferably above 80%, absorbance in the range from 320 nm to 460 nm of about 60% 
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and low loss of the luminescent lumen output from room temperature to 100 °C below 
7% due to thermal quenching. 

In particular, the invention relates to specific ternary compositions (type II 
phosphor) according (((Bai. w Ca w )i. u Mg u )i. s . t Eu s Ce 1 )(Gai.vN* v ) 2 S4 with u < 0.75 and w 
5 > 0.10 and v < 0.10 and 0 < s < 0.10 and 0 < t:s < 0.2, which emit in green-yellow 
spectral range of the visible spectrum from 525 nm to 535 nm and preferably exhibit a 
quantum efficiency above 80%, absorbance in the range from 320 nm to 410 nm 
above 60%, and low loss of the luminescent lumen output from room temperature to 
100 °C below 15% due to thermal quenching. 

10 In particular, the invention relates to specific ternary compositions (type II 

phosphor) according (((Bai. r Sr r ),. u Mg u ) 1 . s . t Eu s Ce t )(Gai. v N*v)2S4 with u< 0.75 and r > 
0.10 and v < 0.10 and 0 < s < 0.10 and 0 <t:s < 0.2, which emit in green-yellow 
spectral range of the visible spectrum from 525 nm to 535 nm and preferably exhibit a 
quantum efficiency above 60 %, absorbance in the range from 320 nm to 410 nm 

15 above 60 % and low loss of the luminescent lumen output from room temperature to 
100 °C below 15 % due to thermal quenching. 

In particular, the invention relates to specific ternary compositions (type II 
phosphor) (((Sri. w Ca w )i. u Mgu)i. s -tEu s Ce t )(Gai. v N*v)2S4 with u < 0.75 and w > 0.10 and 
v s 0.10 and 0 < s < 0.10 and t:s < 0.2 which emit in yellow-green spectral range of 

20 the visible spectrum from 535 nm to 555 nm and exhibit a quantum efficiency above 
60 %, absorbance in the range from 320 nm to 410 nm above 60% and low loss of the 
luminescent lumen output from room temperature to 100 °C below 15 % due to 
thermal quenching. 

In particular, the invention relates to specific ternary compositions (type II phosphor) 
25 (((Sri.pZnp)i.uMg u )i.s-tEu s Cet)(Gai.vN* v ) 2 S4 with u < 0.75 and p < 0.35 and v < 0. 10 
and 0 < s < 0.10 and 0 < t:s < 0.2, which emit in green spectral range of the visible 
spectrum from 525 nm to 540 nm and exhibit a quantum efficiency of at least 60 %, 
absorbance in the range from 370 nm to 420 nm above 60 % and low efficiency 
reduction from room temperature to 100 °C below 15 % due to thermal quenching. 

30 

The phosphors described and phosphor blends thereof which may comprise 
further additional phosphors well-known in the present state of the art can be used 
together with a light emitting semiconductor component, preferably a GaN-based 
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LED, to achieve white light when excited by UV radiation or blue light of the LED. 
The achievable color temperatures cover a broad range of from 3000 to 6000° K with 
a device luminous efficacy of up to 20 lumens per watt of input electrical powder and 
a color rendering index of typically more than 75, preferably more than 80. 
5 The phosphors described and phosphor blends thereof which may comprise 

additional phosphors well-known in the present state of the art can be used together 
with a light emitting semiconductor component, preferably a GaN-based LED, are 
able to achieve colored light when excited by UV light or blue light covering a wide 
space of color coordinates ranging from x = 0.15 - 0.68 and y = 0.05 - 0.82. 

10 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other features and advantages of the invention will be apparent from the following 
detailed description and the accompanying drawings. 

15 Figure 1 discloses the photo luminescent emission spectrum of 

(Sro.8oBao.o3Cao.i 5 Euo.o2)S (Fig. la) and of ((Sr 0 .77Zno.23)o.85Mgo.ioEuo.o5)Ga 2 S4(Fig. 
lb); 

Figure 2 discloses the reflection spectra of (Sro.82- x Bao.03Cao.i5Eu x )S with various Eu 
20 content (Fig. 2a) and of ((Sr 0 .77Zno.23)o.85Mgo.ioEuo.o5)Ga 2 S4 (Fig. 2b); 

Figure 3 discloses the thermal quenching of the photoluminescence of 
(Sro.8oBao.o3Cao.i5Eu 0 .o2)S and Sr 0 .98Eu 0 .o 2 S (Fig. 3a) and of 
((Sro.25Cao.75)o.45Mgo.55Euo.o5Ga 2 S4; ((Sro.77Zno. 2 3)o.85Mgo.ioEuo.o5)Ga 2 S4 and 
25 ((Sro.85Zno.i5)o.65Mgo.3oEuo.o5)Ga 2 S4(Fig. 3b); 

Figure 4 discloses a light emitting device using one of said phosphors, with a first 
embodiment (Fig. 4a) and a second embodiment (Fig. 4b); 

30 Figure 5 to 10 discloses the emission and reflectance spectra of various further 
phosphors in accordance with the invention. 
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DETAILED DESCRDPTION OF PREFERRED EMBODIMENTS 

The detailed construction of luminescence conversion based light emitting devices are 
shown for example in the prior art discussed above. Those or similar constructions, 
5 see for example US 6 066 861, may be used. Emphasis is given in more detail to the 
phosphors and phosphor blends to be used in this invention. 

The values of the quantum efficiency of luminescent down conversion are the ratio of 
the number of emitted photons to the number of absorbed photons. The quantum 

1 0 efficiency given in percent is determined by measuring the relative absorbance and 
the relative radiance compared to standard phosphors with known quantum efficiency. 
The used standard phosphors were SrAl 2 0 4 :Eu for 400 nm excitation and 
Y 3 Al 5 0i2:Ce for 460 nm excitation. The relative reflectance is measured in relation to 
a commercial BaS0 4 -standard. The relative values given in percent for the optical 

15 absorbance of described phosphors corresponds directly to the mentioned values in 
percent for the optical reflectance, measured versus reflectance grade BaS04, by the 
relationship reflectance = 100 % - reflectance. The term high chromaticity used 
herein comprises features such as narrow lines and high color saturation. The content 
of the chemical elements in the described phosphor compositions are given in molar 

20 parts. 

A first group of embodiments is directed to light emitting devices based on a 
light emitting semiconductor component which emits primary light in the near UV 
spectral range from 370-415 nm. 

25 In this connection a preferred embodiment is related to a device for the 

generation of specific, colored light including white light by luminescent conversion 
and additive color mixing based on a light-emitting diode comprising a light-emitting 
component using a semiconductor as a light-emitting layer emitting a primary light in 
the range of 370 - 415 nm and phosphors which absorb at least a part of the primary 

30 light and emit light of longer wavelengths than the primary light, including red light, 
wherein the light-emitting layer of the light-emitting component is an Ga(In)N-based 
semiconductor and the red-emitting phosphor according to (Sri_ x _ y M x Eu y )S (type I 
phosphor) with M at least one of M = Ba, Mg, Zn alone or in combination with Ca, 
and 0< x < 0.5 and 0< y <0.10 preferably the binary compositions according to (Sri. x . 
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y MgxEu y )S or (Sri_ x .yBa x Eu y )S with x < 0.25 and the ternary compositions according 
to (Sri. x . z . y Ca x BazEuy)S with 

x + y + z < 0.35. The red-emitting phosphor may be combined with a near UV (-400 
nm) LED and a blue-emitting phosphor, a green emitting phosphor, both of the 
5 appropriate color, and when appropriate, a yellow-emitting phosphor for the 
production of specific colored light and more preferably for production of white light 
with a high color-rendering index of >80%. 

Europium activated strontium sulfide, is a high chromaticity red phosphor 
excitable from the near UV (400 nm) to the blue-green (500 nm) with high quantum 

10 efficiency. For an optimized use of this phosphor for luminescent conversion of 
primary LED light it is necessary to modify the photophysical characteristics to 
achieve, for example, efficacy, color specifications and life time of related light 
emitting devices. The chromaticity and quantum efficiency of the europium activated 
strontium sulfide can be modified through the substitution of divalent metal ions for 

15 strontium from the list including Ba, Ca, Mg, and Zn. 

The red emitting phosphor (Sn. x . y M x Eu y )S is prepared by mixing 
stoichiometric amounts of SrO, Ba(OH) 2 x8H 2 0, CaO and Eu 2 0 3 . The mixture is then 
heated in an alumina crucible an nitrogen atmosphere up to 1000 - 1200 °C, 
preferably to 1100 °C. When the maximum temperature is achieved the mixture is 

20 reacted in a H 2 S flowing atmosphere for 1-4 hours, preferably for 2 hours. Another 
method for synthesis of (Sn. x . y M x Eu y )S uses commercially available sulfide 
precursors such as SrS and EuS. Stoichiometric amounts of binary sulfide were well 
ground using an agate mortar and pestle under either an ambient atmosphere or in an 
argon-filled glove box. After grinding, the powders were transferred to graphite 

25 crucibles and placed into a tube furnace under flowing Ar. The furnace was then 
purged at room temperature in flowing Ar for 6-12 hours. When the tube was fully 
purged, the furnace was ramped at 107minute to 150 °C where the temperature 
remained stable for 2 hours to more fully purge the furnace of water and oxygen. 
After the two hours was completed, the furnace was ramped at 57minute to 1250 °C 

30 where the temperature remained stable for 6 hours. After six hours the furnace was 
turned off and allowed to cool. When the furnace had reached room temperature, the 
sample was removed and finely ground. The sample was then returned to the furnace 
where the general procedure was repeated with the only alterations being that the 
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sample was heated to 1300°C for 12 hours. Samples were annealed for a total of 30-42 
hours. Photophysical measurements were performed at the completion of each 
annealing step to monitor the progress of the reaction. 

The photophysical characteristics of substituted europium activated strontium 

5 sulfide synthesized as described above are listed in the following Table I together 
with unsubstituted europium activated strontium sulfide. The photoluminescent 
emission spectrum for (Sr 0 .8oBao.o3Cao.i5Euo.o2)S, excited at 400 nm, and reflectance 
spectra for Sr 0 .82-xBao.o3Cao.i5Eu x )S with various Eu content are shown in Fig la and 
Fig. 2a. SrS activated with 1% europium vs. 2% europium, for example, displays a 

10 dramatically different body color and consequently different absorption and 
reflectance characteristics. Loss in luminescent output due to thermal quenching is 
consistently less than 10% at temperatures of 100 °C and higher compared to room 
temperature, given arbitrarily as 100% (Fig. 3a). X-ray diffraction (Figure 4) displays 
the presence of only single phase materials crystallizing in the expected NaCl 

15 structure with the expected lattice parameter shifts for a given substitution. Loss in 
luminescent output due to thermal quenching is consistently less than 10% at 
temperatures of 100°C and higher compared to room temperature. 
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Table I: Photophysical characteristics for various (Sri. x . y . z Ba x Ca z Eu y )S 



phosphors excited at 400 nm 



Composition 


Emission Wave- 


Reflectance 


Quantum 




length (Peak) 


at 400 nm 


Efficiency 




nm 


% 


% 


(bro.8iBao.o3<-ao.i5liUo.oi)S 


630 


50 


59 


(Sro.805Bao.o3Cao.isEuo.oi5)S 


632 


44 


72 


(Sro.soBao.oaCao. 1 sEuo.o2)S 


632 


45 


71 


(Sro.79sBao.o3Cao.isEuo.o25)S 


632 


37 


67 


(Sro.79Bao.o3Cao.i5Euo.o3)S 


632 


35 


62 


(Sro.98Euo.o2)S 


618 


52 


69 



Referring to the use of near UV radiation as a primary light source a preferred 
5 embodiment is related to a device for the generation of specific, colored light 
including white light as described above using phosphors which absorb at least a part 
of the primary light and emit light of longer wavelengths than the primary light, 
including green and yellow light, wherein the green to green-yellow-emitting complex 
metal sulfide photoluminescent materials are according to M*N*2S4:Eu,Ce (type II 
10 phosphor) with M* = Mg, Zn alone or in combination with Ba, Sr, Ca, and N* = Al, 
Ga, alone or in combination with In, Y, La, Gd, preferably compositions according to 
(M*i.s.tEu s Cet)(Gai. v N*v) 2 S4 with N* = Al, In, Y, La, Gd and 0 < s < 0.10 and t:s < 
0.2 with v < 0.10 , preferably binary compositions according to ((Bai- u Mg u )i- s - 
t Eu s Cet)(Gai.vN* v )2S 4 with u < 0.75 and v < 0.10 and 0 < s < 0.10 and t:s < 0.2 and 
15 ternary compositions according to (((Sri. w Ca w )i.uMgu)i-s-tEu s Cet)(Gai. v N*v)2S4 with u 

< 0.75 and w > 0.10 and v < 0.10 and 0 < s < 0.10 and t:s < 0.2 as well as (((Bai. r Sr r )!- 
u Mg u ),. s . t Eu s Cet)(Gai. v N* v ) 2 S4 with u< 0.75 and r > 0.10 and v < 0.10 and 0 < s < 0.10 
and t:s < 0.2 as well as (((Sri. w Ca w )i JVlg u )i_ s .tEu s Ce t )(Gai. v N*v) 2 S 4 with u < 0.75 and 
w > 0.10 and v < 0.10 and 0 < s < 0.10 and t:s < 0.2 as well as (((Sri. p Zn p ) i. u Mg u )i-s- 

20 tEu s Ce t )(Gai. v N*v)2S4 with u < 0.75 and p < 0.35 and v < 0. 1 0 and 0 < s < 0. 1 0 and t:s 

< 0.2. These green to green-yellow-emitting phosphor may be combined with a near 
UV (-400 nm) LED and a blue-emitting phosphor, a red emitting phosphor, both of 
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the appropriate color for the production of specific colored light and more preferably 
for production of white light with a high color-rendering index of >80. 

Europium and/or cerium activated, substituted strontium thiogallate, is a high 
chromaticity green to yellow phosphor excitable from the near UV(400 nm) to the 
5 blue-green (480 nm), preferably 420 to 480 nm, with high efficiency. For an 
optimized use of these phosphors for luminescent conversion of primary LED light it 
is necessary to modify the photophysical characteristics to meet, for example, 
efficacy, color specifications and life time of related light emitting devices. The 
chromaticity and quantum efficiency of the substituted strontium thiometalate may be 

10 modified through the substitution of divalent metal ions for strontium from the list 
including Ba, Ca, Mg, and Zn and/or the substitution of trivalent metal ions for 
gallium from the list including Al, In, Y, La, and Gd. 

These green to green-yellow emitting phosphors are prepared by the following 
technique: High purity nitrates, oxalates and acetates were dissolved with stirring in 

15 25-30 ml deionized water. The solutions are stirred with heating on a hot-plate until 
the water has evaporated resulting in a white or yellow paste, depending on 
composition. The solids are dried overnight (-12 hours) at 120 °C followed by 12 
hours at 550°C. The resulting solid is finely ground and placed into a high purity 
alumina crucible. The crucibles are loaded into a tube furnace and purged with 

20 flowing Ar for several hours. The furnace parameters are 10 °C/min to 900 °C, 
followed by a 6 hour dwell at 900 °C after which the furnace is turned off and allowed 
to cool to room temperature. H2S is introduced to the furnace only after the 
temperature has reached 800°C and is turned off when the furnace has cooled to 800 
°C. The samples are once again finely ground before analysis. Additional time at 

25 temperature and in H2S may be required after the initial reaction, however this is 
dependent on composition. Luminous output may be improved through an additional 
anneal at slightly lower temperatures in flowing argon. 

Examples of the photophysical characteristics of substituted europium 
30 activated thiogallates are listed in Table II. The photolum inescent emission spectrum 
for ((Sro.77Zn 0 .23)o.85MgOo.ioEuo.o5)Ga 2 S4, excited at 400 nm, and related reflectance 
spectrum are shown in Fig lb and Fig. 2b. X-ray diffraction is consistent with the 
structure of SrGa 2 S 4 with certain small deviations of position and intensity due to the 
substitution of smaller divalent metal ions for strontium. Loss in luminescent output 
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due to thermal quenching is consistently less than 15% at temperatures of 100 °C and 
higher compared to room temperature (Fig. 3a). 



Table II: Photophysical characteristics for various (M*i. s Eu s )Ga 2 S4 phosphors excited at 
400 nm with M* = Ba, Mg, Sr, Ca, Zn 


Composition 


Emission Wave- 
length (Peak) 
nm 


Reflectance 
at 400 nm 

% 


Quantum 
Efficiency 
% 


(Ba 0 .8oMgo.i5Euo.o5)Ga2S 4 


509 


29 


63 


(Ba.o.38Mgo.57Euo.o5)Ga 2 S4 


533 


28 


69 


((Sr 0 .25Cao.75)o.4oMgo.55Euo.o5)Ga 2 S4 


533 


20 


80 


((Bao. S 7Cao.43)o.4oMgo.55Euo.o5)Ga 2 S 4 


548 


18 


82 


((Sro. 2 5Bao.75)o.4oMgo.55Euo.o5)Ga 2 S4 


536 


23 


72 


((Sr 0 .77Zno. 2 3)o. ssMgo. 1 0 Euo.o5)Ga 2 S 4 


538 


27 


73 


((Sro.85Zno.i5)o.65Mgo.3oEuo.o5)Ga 2 S4 


535 


14 


68 


((Sro.o5Mgo.o5Bao,9o)o.98Ceo.o2)Ga2S4 


455 


36 


69 



5 Referring to the use of near UV radiation as primary light source a preferred 

embodiment is related to a device for the generation of specific, colored light 
including white light as described above using phosphors which absorb at least a part 
of the primary light and emit light of longer wavelengths than the primary light, 
including blue light, wherein the blue-emitting complex metal sulfide 

10 photoluminescent materials are according to according to (( Ba]_ r Sr r )i- u Mg u )i- 
t Cet)(Gai. v Nv)2S 4 with 0 < t < 0.10 and u < 0.25 and r < 0.95 and v = 0.10 This blue- 
emitting phosphor may be combined with a near UV (-400 nm) LED and green- 
emitting phosphor, yellow-emitting phosphor and a red-emitting phosphor of the 
appropriate color and if appropriate for the production of specific colored light and 

15 more preferably for production of white light with a high color-rendering index of 
>80%. 

This blue emitting phosphor is synthesized following the techniques described 
for complex metal sulfide photoluminescent materials according to M*N* 2 S 4 :Eu,Ce 
(type II phosphor). An example for the photophysical characteristics is given in Table 
20 II. 
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Another embodiment with relation to the phosphors of the first group of 
embodiments is a light emitting device comprising the combination of a 400 nm 
emitting GaN-based LED together with a phosphor blend containing a blue emitting 
(MgSrBa)Ga 2 S 4 :Ce phosphor, a green emitting (CaSrBa)Ga 2 S 4 :Eu phosphor and a red 
5 emitting (CaBaSr)S:Eu phosphor with the corresponding spectral weight ratio 
blue:green:red =1.1:2.4:2.18 which emits white light with color coordinates x = 0.336 
and y = 0.339 and index of color rendering of 83 and a lumen output of about 21 
lumen/Watt. 

A second group of embodiments is directed to light emitting devices based on a 

10 light emitting semiconductor component which emits primary light in the blue 
spectral range from 420 to 480 nm. 

The preferred embodiments for the second group are the same as for the first 
group of embodiments in relation to the applied light emitting semiconductor 
component and phosphors except the blue emitting phosphor according to 

15 (( Bai. r Sr r )i. u Mg u )i_tCe t )(Gaj. v Nv)2S4. Due to the broad absorption band of the 4f-5d- 
transition of Eu 2+ the described phosphors exhibit suitable absorption or low 
reflectance in the disclosed spectral range from 370 nm to 480 nm for the primary 
light emitted by the light emitting semiconductor component. 

A preferred embodiment of the second group is a red-emitting phosphor 

20 according to (Sri- X . y M x Eu y )S (type I phosphor) with M = Ba, Mg, Zn, alone or in 
combination with Ca, and 0 < x < 0.5 and 0< y < 0.10 preferably the binary 
compositions according to 

(Sri. x . y Mg x Eu y )S or (Sri_ x . y ,Ba x Eu y )S with x < 0.25 and the ternary compositions 
according to (Sri. x . z . y Ca x Ba z Eu y )S with x + y + z < 0.35. The red-emitting phosphor 

25 may be combined with a blue 460 nm LED and at least a green emitting phosphor of 
the appropriate color, and when appropriate, a yellow-emitting phosphor for the 
production of specific colored light and more preferably for production of white light 
with a high color-rendering index of >80. 

The synthesis of this red phosphor may follow the techniques as already 

30 described for the first group of embodiments and can be modified by similar 
compositional substitutions as described there for achieving optimized photophysical 
characteristics to meet the required device specifications. 
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Achieved values for the photophysical properties are listed in table III in 
relation to the conversion of primary light of 460 nm. 



Table III: Photophysical characteristics for various (Sr,. x . y . z Ba x Ca z Eu y )S 
phosphors excited at 460 nm 


^uiiipubiuun 


Emission Wave- 
leneth (Peak) 
nm 


Reflectance 

<XL tuu I11I1 

% 


Quantum 
Efficiency 
% 


(Sr 0 ,si Bao.o3Cao. 1 5EU0.01 )S 


630 


21 


76 


(Sro. 80sBao.o3Cao. 1 5EU0.0 1 s) S 


632 


15 


79 


(Sro.goBao.o3Cao. i sEuo.02)S 


632 


13 


77 


(Sr 0 .795Ba 0 .o3Cao. i sEu 0 . 0 25)S 


632 


10 


71 


(Sr 0 .79Ba 0 .o3Cao. 1 5 Eu 0 .03)S 


632 


10 


65 


(Sr 0 .9sEuo.o2)S 


618 


21 


75 



5 Another preferred embodiment of the second group are green to green-yellow 

emitting phosphors according to M*N* 2 S 4 :Eu,Ce (type II phosphor) with M* = Mg, 
Zn alone or in combination with Ba, Sr, Ca, and N* = Al, Ga, In, Y, La, Gd, 
preferably compositions according to (M*i_ s . t Eu s Cet)(Gai.vNv) 2 S4 with N*= Al, In, Y, 
La, Gd and 0 < s < 0.10 and t:s < 0.2 with v s 0.10 , preferably binary compositions 
10 according to 
((Bai. u Mg u )i. s . t Eu s Cet)(Gai.vNv)2S 4 with u < 0.75 and v < 0.10 and 0.1 < s < 0.10 and 
t:s < 0.2 and ternary compositions according to (((Sr l . w Ca w )i. u Mg u )i. s .,Eu s Ce t )(Gai. 
V N V ) 2 S4 with u < 0.75 and w > 0.10 and v < 0.10 and 0 < s < 0.10 and t:s < 0.2 as well 
as 

15 (((Bai. r Sr r )i. u Mg u )i. s . t Eu s Cet)(Ga[. v Nv)2S4 with u< 0.75 and r > 0.10 and v < 0.10 and 0 
< s < 0.10 and t:s < 0.2 as well as (((Sri. w Caw)i.uMg u )i. s .tEu s Cet)(Gai.vN v ) 2 S4 with u < 
0.75 and w > 0.10 and v < 0.10 and 0 < s < 0.10 and t:s < 0.2 as well as (((Sri„ p Zn p ) L . 
u Mgu)i-s-tEu s Ce t )(Gai. v N v ) 2 S4 with u < 0.75 and p < 0.35 and v < 0.10 and 0 < s < 0.10 
and t:s < 0.2. These green to green-yellow-emitting phosphor may be combined with a 

20 blue emitting (-460 nm) LED and at least a red emitting phosphor of the appropriate 
color for the production of specific colored light and more preferably for production 
of white light with a high color-rendering index of >80. 
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Table IV: Photophysical characteristics for various (M*i- s Eu s )Ga 2 S4 phosphors excited 
at 460 nm with M* = Ba, Mg, Sr, Ca, Zn 


Composition 


Emission Wave- 
length (Peak) 
nm 


Reflectance 
at 400 nm 

0/ 
70 


Quantum 
Efficiency 

0/ 

yo 


(Ba. 0 .38Mgo.57Euo.os)Ga 2 S4 


509 


40 


75 


((Sr 0 .25Cao.75)o.4oMgo.55Euo.o5)Ga 2 S4 


533 


32 


88 


((Bao.57Cao.43)o.4oMgo.55Euo.o5)Ga 2 S4 


548 


31 


76 


((Sro.77Zn 0 . 2 3)o.8sMgo.ioEuo.o5)Ga 2 S4 


538 


32 


72 


((Sr 0 .85Zn 0 . 1 5)o.6sMgo. 3 oEu 0 .o5)Ga 2 S4 


535 


25 


65 



Another embodiment with relation to the phosphors of the second group of 
embodiments is a light emitting device comprising the combination of a 460 nm 

5 emitting GaN-based LED together with a phosphor blend containing a green emitting 
(Y,Lu)3AI 5 0i 2 :Ce phosphor and a red emitting (CaBaSr)S:Eu phosphor with the 
corresponding spectral weight ratio blue:green:red = 1.95:1.0:0.9 which emits white 
light with color coordinates x = 0.333 and y = 0.337 and index of color rendering of 
80 and a lumen output of about 27 lumen/Watt. As a specific example Figure 4a 

10 shows a light emitting device with a chip 1 of InGaN-type, with a peak emission of 
460 nm with a first and second electrical lead 2,3, and with a housing 8 having a 
cavity 9. One of the leads is connected to the chip via a bond wire 14. A wall 17 
serves as a reflecting contour for the emitted radiation. The cavity is filled with a 
translucent resin 5, comprising epoxy and phosphor pigments 6. The phosphor is a 

15 blend as outlined above. 

Another embodiment with relation to the phosphors of the second group of 
embodiments is a light emitting device comprising the combination of a 460 nm 
emitting GaN-based LED together with a phosphor blend containing a green emitting 
(SrMgZn)Ga 2 S 4 :Eu phosphor and a red emitting (CaBaSr)S:Eu phosphor with the 

20 corresponding spectral weight ratio blue:green:red = 1.0:0.4:0.35 which emits white 
light with color coordinates x = 0.333 and y = 0.336 and index of color rendering of 
84 and a lumen output of about 25 lumen/Watt. 

In particular further phosphors were investigated under excitation of a 400 nm 
LED, as summarized in Table V. By way of example, figure 4b shows a light source 



15 



WO 02/11173 PCT/US01/23665 
20 having a common carrier 21. an essentially block-shaped housing is secured on it 
by an adhesive. The upper side of the housing 22 is formed with recesses, in which 
individual semiconductor elements 24 are located, preferably UV-LEDs based on 
InGaN with peak emission around 400 nm. Conversion into visible light, for example 
5 white light, is effected by light conversion layers 25, which are attached to all (or 
main part of) surfaces subject to UV-radiation from the LEDs. This includes the inner 
surfaces of the sidewalls of the housing 22, the bottom of the housing 22, and the 
cover 23. the individual LEDs may form individual pixels. Another example is a 
compact lamp utilizing LEDs. 
10 The emission and reflection spectra, related to the phosphors of table V, in 

arbitrary units and in percent resp. as a function of the wavelength are shown in 
Figures 5 to 10. 
Table V 



Phosphor 


Peak 


QE 


Color 


Color 


Related 




Emission 




coordinate x 


coordinate y 


figure 




wavelength 










(Mgo.57Bao.38Euo.o5)(Gai..9sAlo.o5)S4 


533 nm 


60% 


0.263 


0.650 


5 


(Ba 0 . 8 Mgo. 1 5Eu 0 .o5)(Gai . 95 Ino.o5 )S 4 


507 nm 


57% 


0.317 


0.558 


6 


(Bao, 2 Mg 0 .6Cao. 1 5Euo.o5)Ga 2 S 4 


535 nm 


62% 


0.297 


0.638 


7 


(Sro.o9Mgo.57Euo..osBao.29)(Gau9 S Yo.os)S4 


536 nm 


63% 


0.280 


0.679 


8 


(Sr 0 .o95Mgo.57Euo.o5Cao.2S5)Ga2S 4 


548 nm 


64% 


0.358 


0.624 


9 


(Sr 0 .57Mgo.285Zno.o95Euo.os)Ga 2 S 4 


532 nm 


56% 


0.274 


0.682 


10 
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Claims: 



1. A light emitting device comprising at least one LED with primary 

5 emission (peak) from 370 to 480 nm covered directly or indirectly 

with a phosphor-containing covering, the phosphor-containing 
covering comprising at least one of the following phosphors: 
type I: a metal sulfide photoluminescent material activated with 
europium containing at least one element M selected from the group 
10 consisting of Ba, Mg, and Zn; 

type II: a complex thiometalate photoluminescent material 
activated with at least one of europium and cerium, containing 1) at 
least one element M* selected from the group consisting of Mg, and 
Zn, and 2) at least one element N* selected from the group consisting 
15 of Al, Ga, In, Y, La, Gd. 



2. A light emitting device according to claim 1 wherein the type I 

phosphor contains in addition at least one of Ca, Sr as part of the 
element M. 

20 3. A light emitting device according to claim 1 wherein the type II 

phosphor contains in addition at least one of Ca, Sr, Ba as part of the 
element M*. 

4. A light emitting device according to claim 1 wherein the emission 

peak of the LED is at 370 to 415 nm. 
25 5. A light emitting device according to claim 1 wherein the emission 

peak of the LED is at 420 to 480 nm. 

6. A light emitting device according to claim 1 wherein at least one 
phosphor of type I and II are combined. 

7. A light emitting device according to claim 6 wherein one phosphor 
30 of type I and two phosphors of type II are combined to achieve 

white light. 

8. A light emitting device comprising a blue emitting LED covered 
with a phosphor containing covering, the phosphor-containing 
covering containing at least one of the following phosphors: 
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type I: a metal sulfide photoluminescent material activated with 
europium containing at least one element M selected from the group 
consisting of Ba, Mg, and Zn; 

type II: a complex thiometalate photoluminescent material 
5 activated with at least one of europium and cerium, containing 1) at 

least one element M* selected from the group consisting of Mg, and 
Zn, and 2) at least one element N* selected from the group 
consisting of Al, Ga, In, Y, La, Gd. 

9. A light emitting device according to claim 8 wherein the emission 
10 peakoftheLEDisat420to480nm. 

10. A light emitting device according to claim 8 wherein at least one 
phosphor of type I and II are combined. 

11. A light emitting device according to claim 8 wherein one phosphor 
of type I and one phosphor of type II are combined to achieve white 

15 light. 

12. A light emitting device comprising a UV emitting LED covered 
with a phosphor containing covering, the phosphor-containing 
covering containing at least one of the following phosphors: 
type I: a metal sulfide photoluminescent material activated with 

20 europium containing at least one element M selected from the group 

consisting of Ba, Mg, and Zn; 

type II: a complex thiometalate photoluminescent material 

activated with at least one of europium and cerium, containing 1) at 

least one element M* selected from the group consisting of Mg, and 
25 Zn, and 2) at least one element N* selected from the group 

consisting of Al, Ga, In, Y, La, Gd. 

13. A light emitting device according to claim 8 wherein the emission 
peak of the LED is at 370 to 415 nm. 

14. A light emitting device according to claim 8 wherein at least one 
30 phosphor of type I and II are combined. 

15. A light emitting device according to claim 8 wherein one phosphor 
of type I and one phosphor of type II are combined to achieve white 
light. 
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16. A phosphor which absorbs radiation having a first spectrum and 
emits radiation having a second spectrum, the phosphor comprising: 
a photoluminescent metal sulfide MS (Type I phosphor) comprising 
at least one element selected from the group M = Ba, Mg, and Zn 

5 alone or in combination with at least one of Sr, Ca; M being 

activated with europium, 

or a photoluminescent phosphor comprising a complex metal 
thiometallate photoluminescent material M*N* 2 S 4 (type II 
phosphor) comprising of at least one element selected from the 

10 group M* = Mg, Zn, alone or in combination with at least one of 

Ba, Sr, Ca, and at least one element selected from the group N* = 
Al, Ga, alone or in combination with In, Y, La, Gd, N* being 
activated with at least one of europium (Eu) and cerium (Ce). 

17. A phosphor composition comprising at least one of the phosphors of 
15 type I and one of the phosphor of type II. 

18. A phosphor in accordance with claim 16 wherein the phosphor is 
according to MS:Eu (type I phosphor) with M is at least one of M = 
Ba, Mg, Zn alone or in combination with Sr, Ca. 

19. A phosphor in accordance with claim 16 wherein the phosphor of 
20 type I is according to (Sri. x . y M x Eu y )S with M is at least one of = 

Ba, Mg, Zn alone or in combination with Ca and 0< x < 0.5 and 0< 
y<0.10. 

20. A phosphor in accordance with claim 19 wherein the phosphor is 
according to (Sri. x _ y Ba x Eu y )S with x < 0.25. 

25 21. A phosphor in accordance with claim 19 wherein the phosphor is 

according to (Sri_ x _ z . y Ca x Ba 3 Eu y )S with x + y + z < 0.35. 

22. A phosphor in accordance with claim 16, wherein the phosphor 
composition is according to M*N*2S4:Eu,Ce (type II phosphor) with 
M* is at least one of M* = Mg, Zn alone or together with at least 

30 one of Ba, Sr, Ca, and N* is at least one of N* = Al, Ga, alone or 

together with small proportions (below 20%) of In, Y, La, Gd. 

23 . A phosphor in accordance with claim 1 6, wherein the phosphor is of 
type II phosphor containing Mg as one of the host lattice elements 
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according to (M** 1 ^M gu )(Ga,. v N* v )2S4:Ce with u < 0.75 and v < 
0.10, and M** is at least one of M** = Ba, Sr, Ca, Zn. 
A phosphor in accordance with claim 16, wherein the phosphor is of 
type II phosphor according to (M**,. s . t Eu s Ce t )(Gai. v N* v ) 2 S 4 with 
M** is at least one of = Mg, Zn alone or in combination with Sr, 
Ba, Ca, and N* = Al, In, Y, La, Gd and 0 < s < 0.10 and 0 < t:s < 0.2 
with v< 0.10. 

A phosphor in accordance with claim 16, wherein the phosphor is of 
type II phosphor according to ((Ba,. u Mg u ) I . s . t Eu s Ce t )(Ga 1 . v N* v ) 2 S4 
with u < 0.75 and v < 0.10 and 0 < s < 0.10 and 0 <t:s < 0.2. 
A phosphor in accordance with claim 16, wherein the phosphor is of 
type II phosphor according to (((Ba,. w Ca w )i. u Mg u )i. s . t Eu s Ce t )(Gai. 
V N* V ) 2 S4 with u < 0.75 and w > 0.10 and v < 0.10 and 0 < s < 0.10 
and 0 < t:s < 0.2. 

A phosphor in accordance with claim 16, wherein the phosphor is of 
type II phosphor according to (((Ba I . r Sr r )i. u Mg u ),. s .,Eu s Ce t )(Ga,. 
vN* v ) 2 S4 with u< 0.75 and r > 0.10 and v < 0.10 and 0 < s < 0.10 and 
0<t:s<0.2. 

A phosphor in accordance with claim 16, wherein the phosphor is of 
type II phosphor according to (((Sri. w Ca w ),. u Mg u )i. s . t Eu s Ce t )(Gai. 
V N* V ) 2 S 4 with u < 0.75 and w > 0.10 and v < 0.10 and 0 < s < 0.10 
and t:s<0.2. 

A phosphor in accordance with claim 16, wherein the phosphor is of 
type II phosphor according to (((Sr I .pZn p ) 1 . u Mg u ) I . s . t Eu s Ce t )(Gai. 
vN* v ) 2 S 4 with u < 0.75 and p < 0.35 and v < 0.10 and 0 < s < 0.10 
and 0 > t:s < 0.2. 
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Ba, Sr, Ca, Mg and Zn; and at least 
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1 6. A phosphor which absorbs radiation having a first spectrum and 
emits radiation having a second spectrum, the phosphor comprising: 
a photoluminescent metal sulfide MS (Type I phosphor) of the 
formula (Sr Ux . y M x Eu y )S with M is at least one of Ba, Mg, Zn 

5 alone or in combination with Ca and 0< x < 0.5 and 0< y <,0. 1 0, 

or a photoluminescent phosphor comprising a complex metal 
thiometallate photoluminescent material M*N' , '2S4 (type II 
phosphor) comprising of at least one clement selected from the 
group M* = Mg, Zn, alone or in combination with at least one of Ba, 
10 Sr, Ca, and at least one element selected from the group N* = AL 

Ga, alone or in combination with In, Y, La, Gd, N* being activated 
with at least one of europium (Eu) and cerium (Ce). 

17. A phosphor composition comprising at least one of the phosphors of 
type I and one of the phosphors of type TI in accordance with claim 

15 16. 

18. A phosphor in accordance with claim 16 wherein M is one of Ba, 
Mg or Zn. 

19. A phosphor in accordance with claim 16 wherein the phosphor is 
the type I according to (Sri. x . y M x Eu y )S with M is at least one of 

20 Ba, Mg, Zn alone or in combination with Ca and 0< x < 0.5 and 0< 

y£0.10. 

20. A phosphor in accordance with claim 19 wherein the phosphor is 
according to (Sri. x . y Ba x Eu y )S with x < 0.25. 

21. A phosphor in accordance with claim 19 wherein the phosphor is 
25 according to (Sri- x - z - y Ca x Ba2;Euy)S with x + y + z £ 0.35. 

22. A phosphor in accordance with claim 16, wherein the phosphor 
composition is according to M*N*2S4:Eu,Ce (type II phosphor) with 
M* is at least one of M* ~ Mg, Zn alone or together with at least 
one of Ba, Sr, Ca, and N* is at least one of N* = Al, Ga, alone or 

30 together with small proportions (below 20%) of In, Y, La, Gd. 

23. A phosphor in accordance with claim 16, wherein the phosphor is of 
type II phosphor containing Mg as one of the host lattice elements 
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(57) Abstract: The present invention provides a method of 
forming a pattern on an insulating substrate, the method com- 
prising the steps of: providing an insulating substrate made of 
organic polymer; and treating the substrate with a laser beam 
so as to irradiate selective portions of the substrate in accor- 
dance with the pattern to be formed. Upon laser treatment, the 
irradiated portions of the substrate undergo a modification, for 
example undergo ablation and/or become conductive due to 
carbonization and/or graphitization of the substrate material. 
The method of the invention may be used in the manufacture 
of printed circuit boards. In such cases, the laser treated sub- 
strate is further exposed to an electroless metal plating step 



and/or to a galvanic deposition step for the selective deposition of metal on the irradiated areas. 
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METHOD FOR THE FORMATION OF A PATTERN ON AN 
INSULATING SUBSTRATE 



FIELD OF THE INVENTION 

The present invention relates to a method for the formation of a pattern on a 
substrate surface and more particularly to the use of such method in the fabrication 
of printed circuit boards. 

5 BACKGROUND OF THE INVENTION 

A printed circuit board (PCB) usually consists of a substrate made of 
dielectric material such as epoxy, polyimide or the like, typically glass-reinforced, 
carrying a pattern of conductors on one or both of its surfaces. 

Numerous techniques have been developed for forming the conductor 
10 pattern of PCBs. At present, these patterns are effected almost exclusively with 
photosensitive coatings referred to as photoresists. Depending on their chemical 
structure, they may serve as either negative or positive resists, i.e. may either 
polymerize (harden) or decompose into soluble constituents upon exposure to high 
energy radiation. 

15 For PCB technology with geometries on the order of mils, UV 

photolitography is the most common used process. In such process the imagewise 
exposure of the photoresist film, i.e., the exposure of only selected portions of it to 
UV light irradiation to produce the desired latent image, is predominantly effected 
with an appropriately patterned mask (phototool) which permits passage of UV 

20 light therethrough to the film, only in the desired locations. After exposure the 
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latent image can be developed to provide the desired resist pattern. 

In recent years, attention has been directed to so-called "direct imaging" 
techniques, employed in the production of both PCBs and printing plates. In these 
techniques, the exposure of selected areas of the resist film to the activating 

5 radiation needed to bring about the required changes in the film composition does 
not utilize a radiation source directed through a mask, but rather employs a 
suitably focused laser beam of appropriate wavelength light, which directly scans 
the resist film in a predetermined, computer-controlled, manner - see, for 
example, U.S. Patent No. 4,724,465 and US Patent No. 6,090,529. While such 

10 techniques offer potential advantages in resolution capability and avoidance of 
defects sometimes caused by imperfect phototool artwork and/or by operator 
handling of phototools, those developed to date are too slow for mass production 
and require expensive resists 

The above methods involve a considerable number of steps, making them 

15 time-consuming and expensive. 

A method for manufacturing a resistance element on the surface of a 
non-conductive layer is described in US 4,489,230. In this method, the base layer is 
irradiated by a laser beam through a laser beam transmitting film. The irradiated 
portions of the base layer are carbonized, thereby forming resistance elements, i.e. 

20 elements of high electrical resistance, used in an electric or electronic circuit. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a simplified method for 
forming a desired pattern on an insulating substrate without reliance upon 
25 photosensitive materials or compositions, thus obviating the use of numerous 
operational steps. 

A further object of the present invention is to provide a simplified method 
for producing conductive pathways on an insulating substrate. 
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Thus, the present invention provides a method of forming a pattern on an 
insulating substrate, the method comprising the steps of: 

a) providing an electrically-insulating substrate made of organic polymer; 

b) treating the substrate with a laser beam so as to irradiate selective 
5 portions of the substrate in accordance with the pattern to be formed, the laser beam 

being capable of modifying the irradiated portions of said substrate, thus forming a 
pattern of modified areas spaced by insulating areas of the substrate. The irradiated 
portions of the substrate undergo a modification upon the laser treatment, for 
example they become more conductive, due to carbonization and/or graphitization. 
10 The substrate is exposed to a laser beam either through a mask capable to 
selectively transmit the laser beam or scanned in a direct write technique, i.e. a 
software program drives a laser beam in a predetermined, desired manner. 

According to another aspect, the present invention provides a method for 
15 manufacturing a printed circuit board (PCB), the method comprising the steps of: 

a) providing an electrically-insulating substrate made of organic polymer; 

b) treating said substrate with a laser beam so as to irradiate selective 
portions of the substrate in accordance with the pattern to be formed, 
the laser beam being capable of modifying the irradiated portions of 

20 said substrate, thus forming a pattern of modified areas spaced by 

insulating areas of the substrate; and 

c) coating said modified areas obtained in step b) above with a metal layer 
so as to obtain a conductor circuit pattern. 

According to a preferred embodiment, the irradiated portions of the 
25 substrate undergo carbonization and/or graphitization, thus forming a pattern of 
carbonized and /or graphitized, conductive areas spaced by insulating areas 

The PCB produced by the above method constitutes a further aspect of the 
invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

In order to understand the invention and to see how it may be carried out in 
practice, a preferred embodiment will now be described, by way of non-limiting 
example only, with reference to the accompanying drawings, in which: 
5 Fig. 1 is a schematic representation of a known photolitographic process. 

Fig. 2 A is a schematic representation of a substrate processed by the method 
of the invention. 

Fig. 2B is a schematic representation of a substrate processed by the method 
of the invention, which was further exposed to a metal deposition step. 

io DETAILED DESCRIPTION OF THE INVENTION 

The basic steps of a known photolitographic process for producing a PCB 
are outlined in Fig.l. A photoresist material is applied as a thin coating over a 
dielectric substrate, for example epoxy substrate, having a metal layer (e.g. cooper) 
covering one or both of its faces. The resist material is exposed in an imagewise 

15 fashion (through a mask) such that light strikes selected areas of the resist material. 
Depending upon the chemical nature of the resist material, the exposed areas may 
be rendered more soluble in a developing solvent than the unexposed areas, thereby 
producing a positive image of the mask. Conversely, the exposed areas may be 
rendered less soluble producing a negative image of the mask. The metal areas not 

20 protected by resist are etched down to the dielectric substrate surface, whereupon 
subsequent removal of the resist reveals the desired conductor pattern. Other 
common techniques include activation and metal deposition steps after the 
treatment with a developing solvent. 

From the above description it is clear that known methods for producing 

25 PCBs involve numerous steps, making them time-consuming and expensive, 
especially in comparison to the present invention. 

According to the present invention, the irradiating laser beam causes 
modification of irradiated portions of the substrate. Such modification consists in 
physical and/or chemical change of the substrate material, for example ablation or 
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transfonnation of the irradiated areas of the substrate into areas having significantly 
higher conductivity compared to the insulating substrate made of organic polymer. 

The laser beam selectively forms a desired pattern in the substrate by 
causing carbonization and/or graphitization and/or ablation of the organic material 
5 of the substrate only in irradiated areas. A schematic representation of a substrate 
processed by the method of the present invention is showed in Fig. 2A. Thus, a 
polymeric substrate 1 is irradiated by a focused laser beam which generates very 
high temperatures in the irradiated regions, so that the substrate is modified in those 
regions. The modified regions 2 of the substrate preferably become conductive due 

10 to the formation of carbonized and/or graphitized structures. Depending on the 
substrate used, the depth of the carbonized and/or graphitized and/or ablated areas 
of the substrate ranges from about 1 um to about 200 urn, preferably from 1 jjm to 
about 20 pm. The term "carbonization and/or graphitization process" used herein 
describes a process where heating permits the transformation of organic material 

15 into carbonized or graphitized structures or any mixtures thereof. 

Organic material is usually carbonized at temperatures in the range of 
800-1200°C and graphitized at higher temperatures, in the range of 1200-3500°C. 
The physical properties of carbonized material are different than those of 
graphitized material since carbon is amorphous and has high electrical resistance, 

20 while graphite is a crystalline material with hexagonal structure, possesses 
relatively low electrical resistance or relatively high electrical conductivity. 
Mixtures of carbonized and graphitized material include a wide range of materials 
varying in conductivity and varying in structure. 

The substrate may be exposed to the laser beam either through a mask 

25 capable to transmit the laser beam or in a direct write mode, i.e. the laser beam 
being conducted by a software program in a predetermined, desired manner. The 
preferred source of high energy required for the carbonization and/or graphitization 
process and/or ablation is a laser capable of producing thermal energy, such as 
diode, carbon dioxide laser or Neodynium-Yag laser, etc. For industrial-scale 

30 production of products such as PCBs, where speed of processing is of high 
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importance, energy sources of high intensity will be preferred, such that the 
required chemical transformation of the substrate material occurs in a rapid manner. 

In a most preferred embodiment of the invention, the method of the 
invention enables the fabrication of PCBs, obviating the use of photoresists and 
5 processing steps related thereto. Fig. 2B schematically illustrates a substrate which 
was processed according to the present invention and further exposed to a metal 
deposition step so as to form a conductive pattern, for example a PCB. The laser 
beam supplies a highly localized heat which induces carbonization and/or 
graphitization and/or ablation. Thus, a dielectric substrate 10 is exposed to a laser 

io beam which supplies a highly localized heat which induces carbonization and/or 
graphitization and/or ablation to produce a desired pattern of modified regions 20 
spaced apart by insulating regions of the substrate. Suitable substrates for use in the 
process of the present invention are polymeric materials used as substrates in the 
PCB industry. Non-limiting examples of such polymeric materials are epoxy 

15 polymers, polyesters, polyimides, liquid crystal polymers (LCP), or fluoropolymers. 
In order to increase the absorption of energy supplied by the laser, the polymeric 
substrate may comprise various additives, for example dyes, pigments, binders and 
fillers. 

After laser exposure, the patterned substrate is subjected to a coating 
20 procedure. The coating may be carried out by known processes, for example by 
placing the substrate in a standard electroless deposition bath and/or by subjecting 
it to an electroplating process so as to obtain areas 30 of metal (e.g. copper) 
deposition on the modified, preferably conductive, areas of the substrate. 

In the fabrication of PCBs, the laser beam may have a dual function, namely 
25 forming a pattern of modified areas spaced apart by insulating areas and during the 
same operation, also drilling necessary holes through the substrate, thus enabling 
the formation of vias. The walls of the vias are then provided with a metal coat 
during the electroless plating and/or electroplating of the entire patterned substrate, 
as explained above, so as to establish electrical conduction between the top and 
30 bottom of each via. 
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The process described above has been employed to produce patterns with 
resolution of 1 mil or even less. 

The process of the present invention is further illustrated hereinafter with 
reference to some non-limiting Examples. 

5 

EXPERIMENTAL 

Substrates: standard materials used in the preparation of PCBs by conventional 
technology. Examples of such materials are epoxy glass (FR-4) having a 
io thickness of 1.5 mm, or polyimide films (Kapton) having a thickness of 180 
microns. 

Laser source: Nd:YAG laser having a wavelength of 1064 nm, impulse 
frequency from 0 to 75 kHz, impulse duration of 70ns-100p,s, power 3 W-CW, 
15 and pulse energy for kHz: 3mJ. 

Laser Treatment: The treatment was carried out in the air or under an inert 
atmosphere, with a scanning rate ranging from 5 to 200 m/min. The selected laser 
treatment mode provided ablation of the surface layer of the substrate to a depth 
20 of ~0.0 1-100 um. The treated zone had the form of straight grooves and any 
required length. 

Chemical Treatment: after laser irradiation, the surfaces of the grooves were 
subjected to electroless plating for obtaining thick layers of copper on the 
25 surfaces of the grooves. Before the metal deposition the irradiated surfaces were 
subjected to at least one of the following pretreatments: a) activation with PdCl 2 
5-10 g/1; b) sensibilization with a solution containing 10-50 g/1 SnCl 2 and 10-15 
ml/1 HC1, and c)treating with an ammonium solution of copper hypophosphite. 

30 



WO 02/23962 



PCT/IL01/00869 



-8- 

The electroless plating solution contained: 
Copper sulfate - 25-35 g/1 
TRILONB- 80-90 g/1 
Sodium hydroxide - 30-40 g/1 
5 Sodium carbonate - 20-30 g/1 
Stabilizers -0.1-0.15 g/1 
Formaldehyde (sol. 40%) - 20-25 ml/1 

The pH of the above solution was 12.6-12.8. The copper deposition 
process was carried out during various periods of time, from several minutes to a 
10 few hours, to obtain copper conductors having a thickness of up to 50-60 jj. 

In order to obtain layers of copper with a higher thickness, the coating was 

carried out by a combined chemical and galvanic method called the Acid Copper 

Plating (ACP) method. ACP was carried out in a solution regularly used for 
15 acidic deposition of copper coatings. The composition and other parameters of 

the solution and the process were as follows: 

Copper sulphate 230.0 g/1 

Sulfuric acid 50 g/1 

Sodium chloride 30 mg/1 
20 Temperature 25°C 

Current 3 A/dm 2 

The current value was calculated according to the total surface area of the 
substrate to be coated. The copper deposition lasted for 20 min. 
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Results 

Grooves were formed upon subjecting a substrate, for example an epoxy 
glass substrate or polyimide substrate such as KAPTON, to laser treatment. As a 
result, a graphite layer was formed on the internal surface of the grooves and their 
5 edges. The width of the groove, depending on the irradiation mode, achieved 10 
to 150 jjjn. 

The specific electrical resistance of the graphite layer formed upon laser 
irradiation was aprox. 220 Ohm*cm while that of the epoxy glass was 10%10 1U 
Ohm* cm. 

10 The irradiated portions were subjected to a plating process, using acid 

copper plating process and a layer of electrolytic copper was formed on the 
surface of the modified (graphitized) layer, having a thickness of several microns 
to a few dozen microns. 

15 One of the important characteristics of a conductive pattern prepared by 

the method of the present invention, is the adhesion in substrate-graphite and 

graphite-copper systems. 

To determine the adhesion, the following study was carried out: a copper 

wire having a diameter of 0.2 nun was soldered to the surface using tin solder. 
20 After that, a peeling test was carried out. The surface area of the contact between 

the copper and the substrate was approximately constant and equaled -0.03 cm . 

The results of the tests are presented in Table 1. 

25 



30 
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Table 1. Results of the peeling test for different samples. 
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No 


Substrate Material 


Peeling Force, 
g 


Boundary 


Specific 
Peeling Force, 
g/cm 2 


1. 


Epoxy Glass 


60 


Epoxy/graphite 


2000 


2. 


Epoxy Glass 


50 


epoxy/graphite 


1700 


3. 


Epoxy Glass 


320 


graphite/copper 


10700 


4. 


Epoxy Glass 


340 


graphite/copper 


11300 


5. 


Graphite 
Electrode 


400 


graphite/copper 


13300 


6. 


Copper 


464 


tin/copper 


15500 



The present invention has been described with a certain degree of 
particularity, but those versed in the art will readily appreciate that various 
alterations and modifications may be carried out without departing from the scope 
of the following claims. 
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CLAIMS: 

1. A method of forming a pattern on an insulating substrate, the method 
comprising the steps of: 

a) providing an insulating substrate made of organic polymer; 
5 b) treating said substrate with a laser beam so as to irradiate selective 

portions of the substrate in accordance with the pattern to be formed, 
the laser beam being capable of modifying the irradiated portions of 
said substrate, thus forming a pattern of modified areas spaced by 
insulating areas of the substrate. 
10 2. A method according to claim 1, wherein said irradiated portions of the substrate 
become conductive due to carbonization and/or graphitization of the substrate 
material. 

3. A method according to claim 1 or 2, further comprising subjecting the laser 
treated substrate to an electroless metal plating step and/or to a galvanic deposition 

15 step for the selective deposition of metal. 

4. A method according to claim 1, wherein said treating with a laser beam in step b) 
is carried out through a phototool (mask) corresponding to the pattern to be formed. 

5. A method according to claim 1, wherein said treating with a laser beam in step 
b) is carried out in a predetermined manner, by direct write. 

20 6. A method of manufacturing a printed circuit board (PCB), the method 
comprising the steps of: 

a) providing an insulating substrate made of organic polymer; 

b) treating said substrate with a laser beam so as to irradiate selective 
portions of the substrate, the laser beam being capable of modifying the 

25 irradiated portions of said substrate, thus forming a pattern of modified 

areas spaced by insulating areas; and 

c) coating said modified areas obtained in step b) above with a metal layer 
so as to obtain a conductor circuit pattern. 
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7. A method of manufacturing a printed circuit board (PCB), the method 
comprising the steps of: 

a) providing an insulating substrate made of organic polymer; 

b) treating said substrate with a laser beam so as to irradiate selective 
5 portions of the substrate, the laser beam being capable of carbonizing 

and/or graphitizing the irradiated portions of said substrate, thus 
forming a pattern of carbonized and/or graphitized areas spaced by 
insulating areas; and 

c) coating said carbonized and/or graphitized areas obtained in step b) 
10 above with a metal layer so as to obtain a conductor circuit pattern. 

8. A method according to claim 6 or 7, wherein said treating with a laser in step b) 
is carried out through a phototool (mask) corresponding to the pattern to be formed 

9. A method according to claim 6 or 7, wherein said treating with a laser beam in 
step b) is carried out in a predetermined manner, by direct write. 

15 10. A method according to any one of claims 1, 6 or 7, wherein said polymeric 
substrate is made of epoxy, epoxy glass, polyimides, polyesters, liquid crystal 
polymers, fluoropolymers or mixtures thereof. 

11. A method according to any one of claims 1, 6 or 7, wherein said polymeric 
substrate further comprises a dye or a pigment. 
20 12. A method according to claim 6 or 7, wherein said metal layer in step c) is made 
of copper, nickel or mixtures thereof. 

13. A method according to claim 6 or 7, further comprising the formation of vias 
during the exposure of the substrate to a laser beam in step b). 

14. A method according to claim 6 or 7, further comprising coating of the vias 
25 obtained by the method of claim 1 3, with a metal coating in step c). 

15. A product produced by the method of claim 1 or 2. 

16. A printed circuit board produced by the method of claim 6. 

17. A printed circuit board produced by the method of claim 7. 
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TITLE OF THE INVENTION 

Laser-Written Moving Image Display Apparatus 
FIELD OF THE INVENTION 

The present invention relates to an apparatus 
for displaying monochromatic or coloured moving images. 
More particularly, the present invention relates to an 
apparatus for displaying images in which a laser is used 
to illuminate phosphorised panels. 

BACKGROUND OF THE INVENTION AND PRIOR ART DISCUSSION 

Apparatuses are known for displaying moving 
images. Thus, it is known to form images by projecting 
light through a photographic film onto a reflective 
screen. Alternatively, back-projection onto a 

translucent screen may be employed. In conventional 
television sets, the images are formed by the controlled 
illumination of the phosphorised inner surface of a 
cathode ray tube. None of these techniques are well- 
suited to display moving pictures on large screens 
outdoors. 

To overcome this disadvantage, a known apparatus 
comprises a plurality of large panels, each of which has a 
large number of individually illuminable light sources. 
The light sources provide controlled intensity in each of 
the three primary colours and are suitably arranged to 
give an acceptable definition of the image at a pre- 
determined distance of observation. Such a known 
apparatus necessitates the use of a large number of 
separately addressable light sources with inherent high 
manufacturing and maintenance costs. 

In British Patent Specification No. 2118803, 
there is described and claimed an image display device. 
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Such device comprises a light source capable of producing 
and deflecting a beam. Such beam may be of visible light 
but is preferably ultra-violet radiation. The device 
further includes an image intensifier which receives, 
intensifies and displays the output of the source and 
which has a screen with red, green and blue light emitter 
areas arranged side-by-side thereon. Control means are 
provided for applying, to the source signal, components 
representing the appropriate colours as the beam is 
directed to the respective light emitter areas. 

This prior document specifically states that the 
function of the addressing of the light sources and 
providing energy for illumination are separated. A laser 
is used for supplying the signal for addressing and 
controlling the main source of illumination which latter 
is the image intensifier. The use of an image intensifier 
has two major inherent disadvantages firstly, such 
intensifier s are expensive to produce and are vulnerable 
to exposure to the elements. Secondly , there is a need to 
protect the image intensifier from spurious triggering by 
ambient light. To overcome this latter problem, the 
ultra-violet laser beam is radio-frequency modulated. 

OBJECTS OF THE INVENTION 

The present invention seeks to provide an image 
display apparatus in which the disadvantages of known 
apparatuses are overcome or, at least, minimized. More 
specifically, the present invention seeks to provide an 
apparatus in which the need for utilising an image 
intensifier is obviated. Furthermore, the present 
invention seeks to provide an apparatus in which visible 
light is created by fluorescence. 
SUMMARY OF THE INVENTION 

According to the present invention, there is 
provided a laser-written moving image display apparatus 



WO 90/12387 



PO7GB90/00516 



- 3 - 

comprising a source capable of producing an ultra-violet 
laser beam, a screen comprising an aligned arrangement of 
first, second and third types of phosphors, said first 
type of phosphor fluorescing so as to emit visible red 
light when impinged upon directly by said laser beam, said 
second type of phosphor fluorescing so as to emit visible 
green light when impinged upon directly by said laser beam 
and said third type of phosphor fluorescing so as to emit 
visible blue light when impinged on directly by said laser 
beam, deflector means for deflecting said laser beam so as 
to cause said beam to scan said screen and control means 
for controlling the intensity of the laser beam and for 
synchronising signals transmitted to said laser and to 
said deflection means whereby said laser simultaneously 
addresses said phosphors and provides the energy for 
illumination. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be further described, 
by way of example, with reference to the accompanying 
drawings, in which: - 

Fig. 1 is a schematic illustration of an image- 
forming apparatus in accordance with the present 
invention; and 

Fig. 2 shows a block diagram of the apparatus 
shown in Fig. 1 and of a control mechanism for controlling 
the apparatus. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

In Fig. 1, there is shown an image- forming 
apparatus in accordance with the present invention. Such 
apparatus comprises a laser 11 which produces a beam 12 of 
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ultra-violet radiation. The "beam 12 then passes through a 
distortion compensation device 13 which, in this 
embodiment, is in the form of an acousto-optic deflector. 
Such deflector compensates for beam distortion produced by 
beam reflector devices to be described in greater detail 
hereinafter. 

After passing through the distortion 
compensation device 13, the beam impinges upon a first 
reflector device 14 which is in the form of a mirror 
having a plurality of facets. In the embodiment shown, 
the mirror is rotatably mounted about a horizontal axis; 
the drive means for producing such rotation being in the 
form of an electric motor 15. The reflected beam then 
impinges upon a second reflector device 16 which, again, 
is in the form of a mirror having a plurality of facets. 
The mirror 16 is mounted for rotation about a vertical 
axis and is driven by an electric motor 17. Reflection of 
the beam by the mirror 16 directs the beam onto a display 
screen 18. 

The screen 18 is provided with suitably disposed 
arrays of three different phosphors which, when 
illuminated by the ultra-violet laser beam, emit visible 
red, visible green and visible blue light. In the 
embodiment shown, the phosphors are arranged in horizontal 
lines with the minimum practicable spacing between the 
lines with the sequence of lines being red (R) , green (G), 
blue (B), red, green, blue and so on from top to bottom of 
the screen. Six hundred and twenty-five lines of each of 
three phosphors are provided. For the sake of clarity, 
only a small number of these lines are shown in Fig. 1. 

The method of operation of the apparatus will 
now be described with reference to the block diagram shown 
in Fig. '2. Initially, the data relating to a single frame 
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is extracted from a frame store 19 and is processed in a 
signal generator 20. This latter produces a voltage- 
modulated signal 22 which controls the intensity of the 
ultra-violet radiation emitted by the laser 11. Moreover, 
the signal generator also produces synchronising signals 
23 which are fed to a controller 21. This controller 21 
transmits signals to the motors 15 and 17 to rotate the 
mirrors 14 and 16. The rotation of the mirrors causes the 
laser beam, which has already been deflected by the 
acousto-optic deflector 13 to compensate for distortion 
produced by the mirrors 14 and 16 to impinge on the 
desired area of the screen such that a true image of the 
original single picture frame is displayed. 

As the mirror 16 rotates in the direction of the 
arrow shown in Fig. 1, the laser beam sweeps a path from 
left to right across the screen. In the position shown in 
Fig. 1, the laser is sweeping across a line of phosphors 
which fluoresce and emit blue light when impinged upon by 
the laser. The intensity and brightness of the blue 
coloration is, of course, dependent upon the intensity and 
brightness of the coloration in the original frame. When 
the beam has reached the end of one line of phosphors, a 
new line scan is commenced. At such time, the next facet 
of the mirror 16 is directing the laser beam onto the 
left-hand end of the new line. The appropriate line 
intensity modulation signal is fed to the laser beam so 
that the power of the beam and the fluorescent light 
emitted by the phosphor, which will now be red, vary 
across the line in accordance with the original frame. In 
the next line, the fluorescent light emitted by the 
phosphor is green. The line scanning is continued until 
all 1875 lines (625 of each colour) have been scanned. 
The horizontally mounted mirror 14 continues to rotate 
and, after a short period of time of the order of five 
milliseconds, the adjacent facet of the mirror is in the 
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correct position to cause the beam to scan the top line in 
accordance with the next frame. 

Various components of the apparatus will now be 
described in greater detail. Thus, the mirror surfaces 
must be highly reflective to ultra-violet radiation at the 
wavelength emitted by the laser. This is necessary to 
maximise the efficiency of the use of the output of the 
laser and also to avoid unwanted heating of the mirror. 
Such heating will, of course, occur if an appreciable 
portion of the power of the beam passes through the 
reflective layer and is absorbed by the mirror. Thus, it 
has been, found that if aluminium is vacuum-deposited, in 
the form of an opaque layer, on polished glass, the 
reflectivity is of the order of 90% in the range of 300 to 
400 nm and is still of the order of 85% at 200 nm. At 400 
nm, silver has a reflectivity of 93% but this figure is 
appreciably lower at shorter wavelengths. 

The bodies of the mirrors may be made of glass 
or any other material which is sufficiently rigid to 
withstand high rotational speeds, can be worked to provide 
precise surface geometry and to which a suitable 
reflective layer can be adhered. Although aluminium is 
difficult to polish, it can provide very precise surface 
geometry and is therefore suitable for use. To prevent 
tarnishing and to optimise reflectivity, the aluminium is 
surface-coated with a dielectric of suitable thickness and 
refractive index for the laser wavelength being used. 

As stated hereinbefore, each mirror has a 
plurality of facets. The maximum and optimum number of 
facets depend on a number of factors, such as the spacing 
of the screen from the mirror and the dimensions of the 
screen. By way of example only, it is pointed out that a 
5° deflection between the extreme left-and right-hand 
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edges of the screen would permit a maximum of 144 facets 
to be employed on the mirror 16. Whilst is is 
advantageous to use as many facets as possible because 
this reduces the required rate of rotation of the mirror, 
it is, in practice, not desirable so to do. By reducing 
the number of facets, it is not necessary to use the 
extreme edges of each facet and allowances are made for 
minor inaccuracies in the synchronisation of the mirror 
position with the laser power modulation. Thus, if it is 
desired to illuminate 625 lines of each of the three 
different phosphors 25 times per second, a mirror having 
100 facets would need to be rotated at a speed of 468.75 
revolutions per second. It should, perhaps, be pointed 
out that only eight facets are shown on the mirror 16 in 
Fig. 1 purely for the sake of clarity. The mirror 14, 
which also has only eight facets shown for the sake of 
clarity, is rotated at a much lower speed. Thus, only 
twenty-five facets need to be presented each second to 
construct the twenty-five individual three-colour frames 
to be displayed each second. The presentation of twenty- 
five or more frames per second is highly desirable to 
prevent flicker. 

Depending upon the geometry and position of the 
mirrors, crossed axis mirrors tend to produce distortion 
in the image produced. In order to compensate for such 
distortion, and thereby to ensure that the laser beam 
accurately scans along each line of phosphors, an acousto- 
optic deflector 13 is provided. The material used as the 
deflector depends upon the nature of the laser and the 
desired efficiency of the deflector. At wavelengths of 
approximately 360 nm and above, deflectors based on 
Tellurium oxide crystals are highly efficient. At shorter 
wavelengths, quartz crystals may be employed but these are 
less efficient. 
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If the distortion produced is calculated to be 
insufficient to cause the laser to become out of alignment 
with the phosphors, the deflector 13 could be omitted and 
the position of the mirrors 14 and 16 in the beam path 
reversed. Similarly, it would be theoretically possible 
to eliminate distortion without the use of the deflector 
13 simply by adjusting the rotational speeds of the 
mirrors. However, it is believed that this would be 
difficult to achieve in practice. 

It is also theoretically possible to dispense 
with the mirror 14 in two different ways. Firstly, the 
mirror 16 could be mounted, together with its motor 17, in 
gimbal bearings which permit the mirror to be deflected 
about a horizontal axis which is orthogonal to the line of 
projection of the beam from the mirror to the screen. 
However, this would entail the use of complex and heavy- 
duty bearings which could, in extreme circumstances, cause 
distortion of the mirror itself. Secondly, the mirror 16 
could be provided with angled facets, that is to say, 
facets cut at small incremental angles to the axis of the 
mirror. Whilst such an arrangement will produce, without 
significant distortion, the incremental deflections 
necessary to produce consecutive lines of each frame, the 
practical limit for the number of facets is of the order 
of one hundred. It would therefore appear necessary for 
the beam to be split in order for, say, ten complete 
revolutions of the mirror to produce one complete frame. 

It has surprisingly been found that the 
phosphors used in conventional colour television sets are 
suitable -for use in the present invention. Thus, the 
phosphor used to produce red light is Yttrium Oxysulphide 
plus Europium and Terbium (Y 2 0 2 S :Eu:Tb) , that to produce 
blue light is Zinc Sulphide plus Silver (ZnS:Ag) and that 
to produce green light is Zinc Cadmium Sulphide plus 
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Copper [(Zn, Cd)S: Cu] . Of these, the "red" phosphor is a 
"Characteristic Phosphor", that is to say, the energy 
level changes are those of the activator whilst the 
"green" and "blue" phosphors are "Non-Characteristic 
Phosphors" "which means that the energy level changes 
arise from the impurity- induced lattice modification. It 
is surprising that the phosphors work in the present 
invention because, in a television set, they are bombarded 
with electrons whilst, in the present invention, they are 
scanned by an ultra-violet laser beam. It could not be 
predicted that the different types of irradiation will 
necessarily produce the same effect. Compensation can 
be made for any colour imbalance by appropriate 
modulation of the laser beam so that the beam intensity 
thereof is reduced when the appropriate lines of phosphors 
are being scanned. 

The laser 11 may be of any suitable type which 
produces a narrow beam of ultra-violet radiation. The 
presently preferred laser is an Argon Ion Laser which is 
of the continuous wave type. A known laser of this type 
is a 7-watt continuous wave laser. However, depending 
upon the particular circumstances, other lasers such as 
Excimer lasers could possibly be used. Furthermore, 
techniques such as frequency multiplication could be 
employed. 
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CLAIMS 

1. A laser-written moving image display apparatus 
comprising a source capable of producing an ultra-violet 
laser beam, a screen comprising an aligned arrangement of 
first, second and third types of phosphors, said first 
type of phosphor fluorescing so as to emit visible red 
light when impinged upon directly by said laser beam, said 
second type of phosphor fluorescing so as to emit visible 
green light when impinged upon directly by said laser beam 
and said third type of phosphor fluorescing so as to emit 
visible blue light when impinged on directly by said laser 
beam, deflector means for deflecting said laser beam so as 
to cause said beam to scan said screen and control means 
for controlling the intensity of the laser beam and for 
synchronising signals transmitted to said laser and to 
said deflection means whereby said laser simultaneously 
addresses said phosphors and provides the energy for 
illumination. 

2. An apparatus as, claimed in claim 1 wherein said 
source is a continuous wave ultra-violet laser. 

3. An apparatus as claimed in claim 2 wherein said 
source is an argon ion laser. 

4. An apparatus as claimed in claim 1 wherein said 
source is a visible-light laser subjected to frequency 
multiplication to produce an ultra-violet laser beam. 

5. An apparatus as claimed in any one of claims 1 
to 4 wherein said first, second and third types of 
phosphors are arranged in horizontal rows or vertical 
columns, each said row or column being either continuous 
or discontinuous. 
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6. An apparatus as claimed in any preceding claim 
wherein said first type of phosphors are all yttrium 
oxy sulphide-europium- terbium (Y202S:Eu:Tb) phosphors. 

7. An apparatus as claimed in any preceding claim 
wherein said second type of phosphors are all zinc cadmium 
sulphide-copper [(Zn Cd)S:Cu] phosphors. 

8. An apparatus as claimed in any preceding claim 
wherein said third type of phosphors are all zinc 
sulphide-silver (ZnS:Ag) phosphors. 

9. An apparatus as claimed in any preceding claim 
wherein the deflector means comprise at least one mirror 
having a plurality of facets on its reflective surface and 
lying in the beam path between said source and said 
screen, each said mirror being mounted for rotation and 
drive means for rotating each said mirror. 

10. An apparatus as claimed in claim 9 wherein a 
single mirror is provided, said mirror having facets cut 
at small incremental angles to the axis of the mirror. 

11. An apparatus as claimed in claim 9 wherein a 
single mirror is provided, said mirror having a plurality 
of facets cut parallel to the axis of the mirror, the 
mirror being mounted in gimbal bearings. 

12. An apparatus as claimed in claim 9 wherein two 
mirrors, each having a plurality of facets cut parallel to 
the axis of the mirror, are employed, the axes of the two 
mirrors extending at right angles to one another. 

13. An apparatus as claimed in any one of claims 9 
to 12 additionally comprising an acoustic-optic deflector 
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disposed in the beam path, the deflector being based on a 
tellurium oxide crystal. 

14. An apparatus as claimed in any one of claims 9 

to 13 wherein said control means comprises a signal 
generator receiving data from a frame store, said 
generator producing a voltage-modulated signal controlling 
the intensity of the laser beam and synchronising signals 
fed to a control device to cause said device to act on 
said drive means for each said mirror. 
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DESCRIPTION 
LASER BEAM SCANNING APPARATUS AND METHOD 

Technical Field 

The present invention relates to methods and apparatus 
5 for scanning a laser beam in one or more directions. 

Background Art 

In a wide variety of applications, it is necessary to 
scan a laser beam along one or more directions, accurately 
and at high speed. For example, in laser printers, optical 

10 disc read/write systems, laser based displays, laser 

imaging, laser phototypesetting, fiber optic networking 
systems and a wide variety of other applications, such high 
speed and accurate scanning of the laser beam is critical. 
The conventional approach to scanning a laser beam for many 

15 such applications employs a rotating mirror to scan the 
laser beam in a linear direction as the mirror rotates. 
Typically, the mirror is configured in a polygon shape with 
each side corresponding to one scan length of the laser 
beam in the linear direction. 

20 An example of such a rotating polygon laser beam 

scanner is illustrated in Figure 1. The prior art laser 
beam scanning apparatus shown in Figure 1 employs a polygon 
shaped mirror 1 which receives a laser beam provided by 
laser 2 and deflects the laser beam in a scanning direction 

25 X as the polygon 1 rotates. It will be readily appreciated 

from inspection of the geometry of Figure 1 that such a 
rotating polygon system has the ability to scan the laser 
beam through a maximum angle of 18 0° with a scan line 
duration determined by the rotational speed of the polygon 

3 0 divided by N, where N is the number of polygon sides. 

Also, it will be appreciated that for large N the scan 
angle may be significantly reduced below 180°. Thus, for 
the eight sided polygon configured as illustrated in Figure 
1, the laser beam is scanned through an angle of about 90° 

35 with the duration of each scan line being 1/8 the period 

for one rotation of the polygon. 
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The laser scanning apparatus illustrated in Figure 1 
has the advantage of being quite simple, and is suitable 
for some applications. Nonetheless, the inherent 

limitations of such apparatus make it impossible to 
5 simultaneously achieve a high degree of resolution, high 

scanning speed and a large scanning angle. More 
specifically, a high degree of resolution requires a 
relatively large polygon with few sides. That is, if the 
laser beam is to provide accurate information as it is 

10 scanned along the scan direction, modulation of the laser 

beam as it traverses the surface of the polygon side must 
unambiguously provide discrete points in the scan 
direction. Thus, each side of the polygon must increase 
with the beam diameter and the number of discrete scan 

15 points (n) . Therefore, high resolution, corresponding to 
a very large number (n) of discrete scan points, in general 
requires large polygon sides. This limitation is 
particularly significant where the scanned beam target 
surface is located close to the polygon mirror. Also, as 

20 noted above, the scan angle is reduced as the number of 
polygon sides is increased. Therefore, high resolution and 
high scan angle require a large polygon with relatively few 
sides . 

The requirements of a large polygon with few sides, 
25 however, mitigate against a high scan rate. As indicated 
above, scanning speed is directly related to the number of 
polygon sides. Therefore, a polygon with few sides 
requires very high speed rotation to achieve high scanning 
speed. Rotating a large polygon at high speed creates 
30 mechanical problems, however. In particular, high speed 

rotation introduces vibrations, stress on the moving parts, 
and reduced accuracy in the registration of the mirror 
relative to the laser beam. These factors collectively 
limit the rotational speed of the mirror, and hence the 
35 beam scan rate. Also, the requirement of a large polygon 

mirror can create severe space problems in compact 
applications such as laser printers, optical disc 
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read/write devices and other applications where space 
considerations are important. 

Accordingly, it will be appreciated that the 
conventional laser beam scanning apparatus illustrated in 
5 Figure 1 has inherent limitations on its performance 

capabilities which make it unsuitable for applications 
where high speed scanning as well as high resolution and 
accuracy are reguired or where space limitations are 
present. A need thus presently exists for an improved 
10 laser beam scanning apparatus. 
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nisclosurp- of th e* invention 

The present invention provides an apparatus and method 
for scanning a laser beam through a large scan angle at 
high speed and with a high degree of accuracy. The present 
invention further provides a laser beam scanning apparatus 
having a relatively compact configuration even where high 
resolution is required and which is relatively free of 
vibration or other mechanical problems even at high scan 
speeds. 

In a preferred embodiment, the present invention 
employs a reflector, having a number of flat reflective 
surfaces, configured so as to intercept a laser beam on one 
of the reflector surfaces. For example, the reflector may 
take the form of a wheel having a large number of highly 
reflective sides or facets disposed along the circumference 
thereof. The facets preferably have a width approximately 
equal to the laser beam diameter and are spaced apart. The 
reflector is coupled to a mechanism for moving the 
reflector so that successive ones of the reflective 
surfaces intercept the laser beam. For example, the wheel 
shaped reflector may be coupled to a motor which rotates 
the wheel so as to move successive facets into reflective 
contact with the laser beam. Disposed in the optical path 
between the laser beam and the reflector, is a deflector 
which shifts the laser beam relative to the facets. The 
deflector may preferably be an acousto-optic or 
piezoelectric deflector module which can deflect the laser 
beam with a very fast response time. The amount of 
deflection of the beam and the facet size determine the 
number of facets of the reflector which are hit as the beam 
is swept across the reflector. A control system 
synchronizes the laser beam deflection with the motion of 
the movable reflector so that the deflector and moveable 
reflector together scan the laser beam in a desired 
direction. An encoder is employed to determine the 
position of the reflector to allow synchronization with the 
deflector through the control system. For most 
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applications a beam modulator will also be employed to 
modulate the beam to provide on/off or intensity modulation 
of the beam during scanning in response to a data signal. 
The number of facets hit as the beam is deflected, and 
5 the relative speed of the deflector and the reflector, may 
be chosen to provide several different scan patterns. For 
example, deflecting the beam over a number of facets will 
cause the laser beam to scan in a linear direction in 
discrete segments equal to the number of facets over which 

10 the beam is deflected. The discrete scan segments are in 

turn filled in by subsequent deflector cycles as the 
reflector rotates through an angle equal to one facet 
length. Due to the very fast cycle time which may be 
achieved by the deflector, a very large number of distinct 

15 scan points may be provided in each scan segment. 

Alternatively, deflection of the laser beam may be 
synchronized with the reflector motion so the beam is 
constrained to remain on a single facet as the facet 
rotates with the reflector. This will cause the laser beam 

20 to scan in a continuous manner across the linear direction. 

Other scanning patterns may also be created using different 
relative synchronization between the deflector and the 
moving reflector facets. 

The specific combination of scan pattern, reflector 

25 size and number and size of facets may be chosen for the 
specific application so as to provide an optimal 
combination of scanning speed, scan angle and resolution. 
For example, where a relatively large scan angle is desired 
with good resolution and moderate to high scan rates, a 

30 relatively small reflector may be employed having few 
facets, with the deflector synchronized to maintain the 
laser beam on a single facet. Since the beam is moved with 
> the facet, the scan angle may be very large, up to 18 0° or 

greater, even though the reflector is kept small. This 
^ 35 enables high speed rotation of the reflector without 

introducing mechanical vibrations or other problems related 
to rotation of a large reflector. For even higher speed 
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scanning, the deflector preferably shifts the beam over a 
number of facets so as to scan the beam in discrete 
segments across the scan direction. These scan segments, 
equal in number to the number of facets, allow the full 
scan angle to be scanned almost in parallel. The scan rate 
may be much higher in such a system due to the extremely 
fast response time of the deflector and since the reflector 
need only rotate through a fraction of the full scan angle 
for each scan. Some additional complexity is introduced 
into the control electronics, however, to allow the data 
used to modulate the laser beam to be correctly 
synchronized with the segmented scan pattern. For example, 
a data buffer and serial to parallel converter may be 
employed to store data for an entire scan line and then 
provide the data to the beam modulator in segments 
corresponding to the scan pattern. 

Accordingly, it will be appreciated that the present 
invention provides a laser beam scanning apparatus having 
the capability to provide large scan angles and high scan 
rate, along with high resolution, without introducing 
vibration or other related mechanical problems. 

The present invention may further provide scanning in 
a second direction so as to make an X-Y scan pattern. In 
a preferred embodiment, the discrete facets of the 
25 reflector may be angled at different directions to a second 

scan direction. Each of these different angle facets thus 
corresponds to a different scan line as the reflector is 
moved relative to the laser beam. The deflector in turn 
shifts the laser beam to the different facets at high speed 
so that the different scan lines can be scanned almost in 
parallel. As in the case of the single scanning direction, 
the choice of synchronization between the laser beam 
deflector and the movement of the reflector determines the 
specific scan pattern in the X-Y plane. Alternatively, a 
second acoustical optical modulator deflector may be 
employed to fine adjust each line. 
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Thus, the present invention provides high speed X-Y 
scanning with either a conventional raster scan pattern or 
one of a variety of other scan patterns designed to 
optimize scan speed, resolution and scanning solid angle. 

Further features and advantages of the present 
invention will be appreciated upon review of the following 
detailed description of the invention. 
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Brief Description of the Drawings 

Figure 1 is a top view of a prior art laser scanning 

apparatus . 

Figure 2 is a combined top view/schematic drawing of 
5 a preferred embodiment of the laser beam scanning apparatus 
of the present invention. 

Figure 3(a) and Figure 3(b) are expanded and side 
schematic views, respectively, illustrating the reflective 
surfaces employed in the reflector of the present 

10 invention. 

Figures 4(a) - 4(d) are drawings illustrating the 
different laser beam scan patterns obtainable by the laser 
beam scanning apparatus of the present invention. 

Figures 5(a) - 5(b) are drawings illustrating the 
15 laser beam scan patterns obtainable by the X-Y laser beam 

scanning apparatus of the present invention. 

Figure 6 is a block schematic diagram illustrating a 
preferred embodiment of the electronic control system of 
the laser beam scanning apparatus of the present invention. 

Figure 7 is a drawing illustrating an alternate 
embodiment of the laser beam scanning apparatus of the 

present invention. 

Figure 8 is a drawing illustrating an alternate 
embodiment of the X-Y laser beam scanning apparatus of the 
25 present invention employing separate X and Y reflectors. 

Figure 9 is a block schematic drawing illustrating a 
preferred embodiment of a deflector control circuit in 
accordance with the present invention. 

Figure 10 is a drawing illustrating an alternate 
embodiment of the laser beam scanning apparatus of the 
present invention employing discrete diode lasers. 

Figure 11 is- a block schematic drawing illustrating a 
control circuit for the embodiment of Figure 10. 
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Preferred Modes of Carrying Out the Invention 

Referring to Figure 2, a preferred embodiment of the 
laser beam scanning apparatus of the present invention is 
illustrated. 

5 As shown in Figure 2, a laser beam 10 is provided from 

a laser 12 . Laser 12 may be any of a large number of 
conventional commercially available lasers, with a power 
and beam characteristics determined by the specific 
application. For example, for compact low power 

10 applications, the laser 12 may be a semiconductor laser. 

For high power applications, a variety of other lasers are 
available such as gas lasers, including C0 2 , krypton or 
argon lasers and solid state lasers, including ruby, Nd:Yag 
or Nd: glass lasers, for example. Also, laser 12 may be 

15 pulsed or continuous depending on the application and the 

power requirements. As shown in Figure 2, the laser 12 is 
coupled to a conventional power supply 14 which in turn may 
be coupled to a conventional power supply (not shown) . 

Laser beam 10 is provided from laser 12 to modulator/ 

20 deflector 16. The modulator/deflector 16 serves the dual 

"function of modulating the laser beam 10 in response to a 
data signal provided along line 18 as well as shifting the 
laser beam 10 in the direction of arrow 2 0 in response to 
a control signal provided along line 22. As will be 

25 discussed in more detail in relation to Figure 6 below, the 

data signal provided along line 18 and the control signal 
provided along line 22 are provided from control 
electronics module 24 which in turn receives an externally 
provided data signal along line 26. In some applications, 

30 however, the data signal provided along line 18 and the 

modulator function of modulator/deflector 16 may be 
dispensed with. Such applications would include those for 
which the laser beam 10 is provided solely for illumination 
purposes and is not used to provide pixel or other 

35 information along the beam scan direction. Such 

applications may include the provision of an optical disc 
read laser, laser illumination of objects and other like 
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applications. In a majority of applications, however, the 
modulator/deflector 16 will modulate the laser beam either 
in an on/off manner or will modulate the intensity of the 
beam to create an information pattern in the laser beam as 
it is scanned. Additionally, the modulator /deflector 16 may 
provide a slight deflection in a second Y direction to 
correct for nonlinearities at the extreme ends of the scan 
line. 

The modulator /deflector 16 may preferably be a 
commercially available acousto-optic or piezoelectric 
crystal based optical modulator. These devices are 
particularly suitable since they have a very fast response 
time, which, as will be appreciated from the discussion 
below, allows a very high scanning rate for the laser beam. 
Suitable acousto-optic modulators are commercially 
available from Isomet Corporation; for example, the Isomet 
model 1206C modulator/deflector and D323B optic driver 
together provide 1° of laser beam deflection with a 20 ns 
cycle time. 

Alternatively, separate modulator and deflector 
devices may be employed with a conventional modulator being 
combined with an electromechanical deflector having a high 
speed shifting capability for the laser beam. 

The laser beam 10, which is shifted in the direction 
25 of arrow 20 as indicated by the four parallel lines, is 
provided to first and second mirrors 28, 3 0 respectively, 
which allow the optical path of the laser beam 10 to be 
lengthened in a compact configuration. This lengthening of 
the optical path allows a relatively small angle of 
3 0 shifting provided by modulator /deflector 16 to translate 
into a relatively wide spatial shift of the beam 10 after 
reflection from mirror 30. In applications where the space 
limitations are not severe, however, the optical path may 
be suitably long without employing mirrors 28, 3 0 or, 
35 alternatively, a suitable spatial deflection of the beam 

may be achieved through other optical paths and 
combinations of reflectors. The reflected beam 10 provided 
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from mirror 3 0 in turn is directed onto a movable reflector 
32 . 

As illustrated in perspective view in Figure 2 and in 
more detail in Figures 3(a) and 3(b), reflector 32 may 
5 preferably take the form of a rotatable wheel having a 

plurality of flat sided reflectors along the circumference 
thereof. The dimensions of the reflector 3 2 are not shown 
to scale in Figure 2, and the specific dimensions of 
reflector 32 will depend upon the specific application. 

10 The wheel shaped reflector 32 is preferably coupled through 
hub and spindle 34 to a variable speed motor 36. Motor 36 
provides for high speed rotation of the reflector 32 such 
that successive flat sided reflective facets on the 
circumference thereof are brought into reflective contact 

15 with the laser beam 10. The rotational speed of the 

reflector 32 is monitored by an encoder 38 which in turn 
provides a signal along line 40 to the control electronics 
24. The encoder signal is used to determine the rotational 
speed of the reflector 32 and provide a control signal 

20 along line 42 to motor 36. Encoder 38 may take the form of 

a semiconductor diode laser and optical detector which 
detects passage of each consecutive reflective facet 
beneath encoder 38 and provides the resulting signal along 
line 40 to control electronics 24. Alternatively, a 

25 mechanical or electromechanical encoder 38 may be used to 

derive a signal from the motor 36 or spindle 34. 

Although a wheel shaped multi-faceted reflector 32 is 
preferably preferred, it will be appreciated that other 
forms of movable multi-sided reflectors may also be 

30 employed to consecutively bring reflective flat surfaces in 
reflective contact with laser beam 10. Such alternate 
reflectors may be actuated by any number of a wide variety 
of electromechanical actuator systems, including linear and 
rotational motors, with a specific actuator system chosen 

35 to provide the desired speed of the facets relative to the 
laser beam 10 for the specific application. 
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As will be described in more detail below, the 
deflection of laser beam 10 by the modulator/deflector 16 
relative to the reflective facets of reflector 32 and the 
movement of the reflective facets of reflector 32 together 
cause the laser beam 10 to be scanned in the X direction as 
indicated by the arrow in Figure 2. Furthermore, the 
control electronics 24 may synchronize the relative 
shifting speed of the modulator/ deflector 16 and the speed 
at which movable reflector 32 brings successive reflective 
facets into reflective contact with laser beam 10, to 
provide different scanning patterns in the X direction. 
Also, by adjusting the amount of deflection of beam 10 and 
the length of the optical path between modulator/deflector 
16 and movable reflector 32, the number of facets over 
which the beam is shifted can be controlled. This allows 
further control of the scan pattern in the X direction. 
Also, by providing different ones of the facets of movable 
reflector 3 2 at different angles relative to a second Y 
direction, consecutive scans along the X direction need not 
20 be overlapping and may produce scan lines spaced apart in 
the Y direction. This thus provides the capability to 
provide an X-Y scan pattern merely by suitably adjusting 
the relative angles of certain of the facets of reflector 
32. As will be described in more detail below, this also 
25 can be chosen to provide various X-Y scan patterns, 

including a conventional raster scan pattern or more 
complex scan patterns. 

Referring to Figures 3(a) and 3(b), the reflector 32 
is illustrated in more detail showing the individual flat 
reflective facets on the circumference thereof. In Figure 
3(a) , a front view of the circumference of the reflector 32 
is shown in an expanded view. As shown, the circumference 
of reflector 32 preferably includes a large number of flat, 
optically isolated, reflective surfaces 44. As will be 
35 discussed in more detail below, the provision of such large 
numbers of facets allows very rapid scanning of very large 
numbers of horizontal lines. The reflective surfaces, or 
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facets, 44 may preferably be formed by vapor deposition of 
a reflective material such as Al, Ag, Ni, or other suitable 
reflective material, in a desired pattern by use of a mask. 
Alternatively, the reflective facets 44 may be deposited 
5 and then the discrete spacings between the facets 4 6 etched 
away by a suitable mechanical or chemical etching process. 
The width of facets 44 is preferably chosen to be slightly 
larger than one beam diameter. The spacings 4 6 between the 
facets should be chosen to adequately optically isolate 

10 each of the reflective facets 44. This will in turn 

require spacings 4 6 to be approximately one laser beam 
diameter or smaller. Since the reflective facets 44 are 
arranged about the circumference of the curved reflector 
32, it will be appreciated that the normals to the flat 

15 surfaces extend at different angles relative to each other 

along the X direction. The specific number of reflective 
facets 44, and the angular separation of the facets may be 
chosen for the specific application so as to provide a 
desired scan line duration and resolution. A number of 

20 specific examples of such facet sizes and spacings will be 

described below in relation to Tables 1-2. 

Referring to Figure 3(b), a schematic side view is 
shown of a portion of the reflector 32 for a preferred 
embodiment wherein the individual reflective facets 44 are 

25 angled relative to each other in a second Y direction. In 

this embodiment of the present invention, scanning of the 
laser beam in an X-Y plane may be achieved within the basic 
relatively simple apparatus illustrated in Figure 2. More 
specifically, by virtue of the reflective facets 44 having 

30 differing normal angles in the Y direction, it will be seen 

that the beam will be scanned in discrete lines spaced in 
the Y direction With each line being dictated by the angle 
of the respective facet. Therefore, the number of facets 
having distinct angles in the Y direction will be chosen to 

35 be equal to the desired number of scan lines spaced in the 

Y direction. Preferably, the angular difference between 
consecutive facets will be chosen to give equal spacing 
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along the Y direction. As will be discussed below, the 
arrangement of the angled facets around the circumference 
of the reflector can be chosen in conjunction with 
synchronization and the shifting of the laser beam to 
5 provide different X-Y scan patterns. Such X-Y patterns may 

include a conventional raster scan pattern or a unique 
parallel scan pattern. 

Referring to Figures 4(a) - 4(c), three distinct 
horizontal scan patterns which may be provided by the laser 

10 beam scanning apparatus of the present invention are 

illustrated. In these figures, the laser beam trace 
provided on the target surface is illustrated along with 
the facet number which the laser beam is in contact with 
for the specific trace being indicated. The drawings of 

15 Figures 4(a) - 4(c) assume that the target is a flat screen 
with the laser beam being scanned linearly in the X 
direction. Also, the illustrations in Figures 4 (a) - 4 
(c) assume a laser beam diameter approximately equal to the 
reflective facet width with the individual facets being 

20 optically decoupled. 

Referring to Figure 4(a), the scan pattern is 
illustrated for the mode of operation in which the 
reflector 32 (referring to Figure 2) is held stationery and 
the modulator /deflector 16 shifts the laser beam across the 

25 reflector 32 so as to consecutively hit seven reflective 

facets. As may be seen from Figure 4(a), the resulting 
pattern is essentially seven discrete spots or pixels 
equally spaced along the entire scan direction. The scan 
angle which the scan line illustrated in Figure 4(a) 

30 subtends will depend upon the relative angles of the facets 
1 and 7 to each other in the X direction. The scan angle 
may reach 180° if the total angle between these facets is 
45°. Greater than 180° of scan angle may also be achieved 
if the deflector scans the beam over facets with greater 

35 than 45° of relative angle. Such a large scan angle might 
be used for X direction scanning of a curved target surface 
or illumination of objects. While seven discrete scan 
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points are illustrated in Figure 4(a), it will be 
appreciated that a much larger number may be equally- 
provided with seven only being presented for convenience of 
illustration. 

5 Due to the very fast response time provided by 

commercially available solid state laser beam deflectors, 
the scan rate for the pattern illustrated in Figure 4(a) 
may be very high. For example, as noted above, 
commercially available solid state modulators/deflectors 

10 can achieve a response time of approximately 2 nanoseconds 
(ns) per deflector cycle, leading to a corresponding scan 
line time for the pattern of Figure 4(a) . Nonetheless, due 
to the inherent limitations on the number of facets which 
may be provided, the number of dots of resolution for the 

15 scan pattern of Figure 4(a) is inherently limited. 

Accordingly, the scan pattern of Figure 4(a) is not a 
presently preferred mode of operation of the laser beam 
scanning apparatus of the present invention for most 
applications requiring relatively high resolution. 

20 Referring to Figure 4(b), an alternate scan pattern is 

• illustrated corresponding to a second mode of operation of 
the laser beam scanning apparatus of the present invention. 
In the mode of operation of Figure 4(b), the reflector 32 
is rotated as the laser beam is swept across successive 

25 facets thereof by the modulator/ deflector 16. In this mode 
of operation, the modulator/deflector 16 is adjusted so as 
to sweep the beam at a much faster rate than the angular 
speed of the reflector 32. In this mode of operation, the 
horizontal scan line is "filled in" by the consecutive 

30 sweeping of the beam across the facets as the reflector 

rotates. 

More specifically, in Figure 4(b) the second and third 
cycles of the deflector across the facets 1-7 are 
illustrated by the primed facet numbers. As may be 
35 appreciated from the resulting pattern, as the deflector 

sweeps the laser beam across the seven facets, the 
reflector 32 rotates slightly so that when the second cycle 
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of the deflector returns the beam to facet number 1, the 
laser beam trace is now at position 1'. Similarly, the 
beam is swept to consecutive positions 2 1 , 3 ' - 7 1 , as 
shown in Figure 4(b). In this manner, through consecutive 
cycles of the deflector, the entire horizontal line will be 
scanned out in a parallel manner to make a continuous 
horizontal line with high resolution. The entire 
horizontal scan line is thus scanned out in a time period 
corresponding to a revolution of the reflector through the 
angle separating scan points 1 and 2. In other words, the 
angle through which the reflector must rotate, and hence 
the scan duration for a given polygon speed, has been 
reduced to 1/7 that reguired for a conventional rotating 
mirror such as illustrated in Figure 1. It will be readily 
15 appreciated that as the number of facets swept by the 

deflector are increased, even more significant increases in 
scan speed may be obtained. 

If the laser beam signal is modulated to provide pixel 
or other information while the beam is scanned along the X 
20 direction, the scan pattern of Figure 4(b) will require a 
serial to parallel conversion of the data so that the 
scanning of the seven segments can occur in parallel in 
accordance with the pattern of Figure 4(b). While this 
entails some additional complexity to the control system 
25 over a conventional horizontal scanning system, the 
significant increases in speed and resolution provided 
nonetheless make this a preferred mode of operation for 
applications requiring high speed scanning through a wide 
scan angle. 

30 Referring to Figure 4(c) , a laser beam scan pattern is 

illustrated corresponding to a third mode of operation of 
the laser beam scanning apparatus of the present invention. 
As illustrated in Figure 4(c) by the single line 
corresponding to a single facet 1, the mode of operation of 

35 Figure 4(c) maintains the laser beam on a single facet 
throughout the scan line. This is achieved by 

synchronizing the speed of the deflector to be egual to 
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that of the reflector 32. This implementation of the 
present invention requires the reflector to move through 
the entire angular range desired to be scanned, and thus 
scanning speed is reduced relative to the mode of operation 
5 of Figure 4(b) . The continuous scanning of the beam across 

the horizontal direction obviates the need for any 
buffering of the modulation data, however, and hence 
provides reduced complexity to the control system. 
Furthermore, in relation to a conventional system such as 

10 illustrated in Figure 1, significant advantages are 

provided in that a very small reflector 3 2 may be employed 
since the laser beam does not traverse a reflective surface 
as it is scanned. Hence, the size of the reflector does 
not place any limitations on the resolution provided in the 

15 scan direction. Accordingly, the above-noted mechanical 
problems relative to the rotation of a large polygon are 
obviated by the present invention, allowing high speed 
rotation and higher scanning when operating in the mode 
illustrated by Figure 4(c). 

20 The significant advantages provided by the laser 

scanning apparatus of the present invention may be 
appreciated by considering specific examples of reflector 
rotation speed, number of facets on the reflector, the 
number of facets hit by the laser deflection, and the 

25 resultant performance characteristics provided thereby. 

Illustrated in Tables 1-2 below are such entries 
corresponding to a wheel shaped reflector as generally 
illustrated in Figure 2 with the noted reflector facet and 
reflector speed entries. Inspection of the entries in 

30 these tables shows that very high performance scanning with 

high resolution may be provided in a number of specific 
implementations of the present invention operated in mode 
2 described above in relation to Figure 4(b). (Mode 3 
described above in relation to Figure 4(c) will have the 

35 same characteristics but with the scan speed reduced by the 
number of facets in each table.) 
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5 Referring to Figures 5(a) and 5(b), two X-Y laser 

beam scan patterns are illustrated corresponding to the 
apparatus of Figure 2 with the reflective facets angled 
as illustrated in Figure 3 (b) . 

Referring first to Figure 5(a) , as indicated by the 

10 facet and line numbers along the side of the scanned 
pattern, each facet of the reflector corresponds to a 
distinct scan line. That is, each facet 44, as 
illustrated in Figure 3 (b) , is angled at a different 
angle relative to the Y direction so that a distinct scan 

15 line is created by each facet as the reflector 3 2 is 

rotated in the X direction. Thus, for example, in an 
application where a conventional video pattern having 368 
scan lines were to be created, 3 68 distinct facets 44 
would be provided along the circumference of the 

20 reflector 32, each facet being angled at a slightly 
different angle in the Y direction. In a manner similar 
to that discussed in relation to Figures 4(a) and 4(b), 
the modulator/deflector 16 shifts the laser beam over 
some portion of the circumference of the reflector 32 

25 hitting a number of facets to create distinct scan 

segments illustrated by the numbered segments in Figure 
5(a). For example, the pattern in Figure 5(a) shows 
seven segments spaced across the X direction, which 
number of segments corresponds to the beam being shifted 

30 across seven distinct facets. The numbers over each scan 

line segment correspond to the timing at which each 
segment is scanned out, in units of the scan period for 
a single segment. Thus, all the segments labeled 1 are 
scanned out together as the modulator/deflector 16 shifts 

35 the laser beam over the seven facets, creating a portion 

of horizontal scan lines 1-7. As the reflector rotates 
across the angular range of a segment, the deflector is 
cycled at high speed to create the individual scan points 
indicated by the dots in each segment 1. Although 

40 relatively few dots are shown in each segment for 
illustrative purposes, it will be appreciated that due to 
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the very high cycling speed of the modulator/deflector 
16, an extremely large number of individual scan points 
may be provided in each segment during the rotation of 
the reflector. 

5 Similarly, the rotation of the reflector through a 

second scan segment angle generates the seven scan 
segments labeled 2 in Figure 5(a). It will also be 
appreciated by inspection of the pattern of Figure 5(a) 
that as the second set of segments are scanned, the beam 

10 has been shifted to the eighth facet and eighth line with 
the first facet and first line having rotated out of the 
range of deflection of the laser beam 10. It will thus 
be appreciated that the X-Y pattern in Figure 5(a) is 
scanned out in a parallel manner, seven scan lines deep. 

15 It will also be appreciated from the upper boxed portion 

of the pattern in Figure 5(a), that during the initial 
start up of the scanning apparatus the first six lines of 
the X-Y pattern will not be fully scanned. This is the 
case since the first six facets will rotate out of the 

20 deflection range of the laser beam before the entire scan 

angle is traversed. The area in the scan pattern within 
the dashed box thus corresponds to this incomplete 
portion of the scan pattern. The missing portion of the 
scan pattern will, however, be filled in when the bottom 

25 of the pattern is reached as the reflector rotates 
through 3 60° since the first six facets will enter the 
deflection range of the laser beam before the final scan 
line is traced out. Thus, the data corresponding to the 
dashed portion of the X-Y scan pattern may be stored in 

3 0 a buffer and used to modulate the laser beam during the 

end of the pattern and the beginning of the next field. 
Alternatively, data modulation may commence with facet 7 
of the reflector with that facet thus corresponding to 
scan line 1. Alternatively, a space can be provided 

35' between the last facet and the first facet with the data 
signal and the rotation of the deflector synchronized 
accordingly. 
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Although the pattern of Figure 5(a) is illustrated 
for a mode of operation where seven scan lines are 
scanned in parallel, it will be appreciated that a 
greater number of facets may be hit by the deflector and 
hence a greater number of scan lines scanned in parallel. 
Thus, it will be appreciated that the present invention 
provides the capability to scan an X-Y pattern out in a 
very high speed manner. Furthermore, due to the high 
speed nature of the deflector, a very high degree of 
resolution may be provided by providing a large number of 
deflector cycles within each scan segment. 

Referring to Figure 5 (b) , an alternate scan pattern 
is illustrated corresponding to a second mode of 
operation of the laser beam scanning apparatus of the 
15 present invention. The scan pattern illustrated in 

Figure 5(b) corresponds to a sequential scanning of lines 
from the top to bottom of the Y direction. This thus 
makes the control system compatible with data provided in 
a conventional raster scan format. This pattern is 
20 achieved by synchronizing the modulator /deflector 16 with 
the rotation of the reflector 3 2 so that the laser beam 
is maintained on a single facet as it is traversed across 
the entire X scan direction. After completion of a scan 
line the deflector cycles the beam back to the initial 
position at which time a different facet will have 
rotated into position. For example, assuming the same 
seven facet deflection range as discussed in relation to 
Figure 5(a), the second scan line will correspond to the 
seventh facet. Similarly, the third scan line 
corresponds to the 14th facet, etc. as illustrated by the 
facet and line numbers provided for Figure 5(b). Thus, 
the angling of the facets about the circumference of 
reflector 32 in the Y direction is chosen so that every 
seventh facet provides the desired angular displacement 
35 to provide the next scan line. In the mode of operation 

providing the scan line pattern of Figure 5(b), the X-Y 
pattern will not be scanned out in parallel as in the 
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case of Figure 5(a), and will be accordingly slower. 
Nonetheless significant advantages are provided over a 
conventional system since a mechanically simple 
configuration is provided which provides relatively high 
5 scanning speeds with a high degree of resolution. 

It will be appreciated that different combinations 
of staggering of facet angles relative to the Y direction 
and different relative speeds of operation of the 
deflector and the reflector may provide other X-Y 

10 patterns. The patterns of Figure 5(a) and Figure 5(b) 

are presently preferred for most applications, however. 

Referring to Figure 6, a preferred embodiment of the 
control system 24 is illustrated in block schematic form. 
As shown, the control system 24 preferably includes a 

15 reflector motor control circuit 48 which provides a 
control signal to the reflector motor to establish a 
desired motor rotational speed for the specific mode of 
operation chosen. The motor control circuit in turn 
receives a feedback signal derived from the encoder 

20 signal provided along line 40 to a reflector speed 
detection and synchronization circuit 50. Through the 
feedback from the reflector speed detection circuit 50, 
the motor control circuit 48 may precisely control the 
desired rotational speed of the motor. 

25 The reflector speed detector and synchronization 

circuit 50 also derives a synchronization signal 
corresponding to the specific angular position of the 
reflector 32 and provides it to modulator timing circuit 
52, X deflector control circuit 54 and Y deflector 

30 control circuit 56. Circuit 50 may, for example, provide 

a synchronization signal for each facet as it moves about 
the circumference of reflector 32. Alternatively, where 
the laser beam scanning apparatus is operated in a mode 
wherein the laser beam is maintained on a single facet 

35' throughout the deflector range, the circuit 50 may 
provide a synchronization signal corresponding to a 
rotation through an entire scan line angle. 
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Still referring to Figure 6, the modulator timing 
circuit 52 receives the synch signal from circuit 50 
along with a data signal provided along line 58 to 
modulate the laser beam in accordance with the specific 
5 scan pattern chosen. In the embodiment where the scan 

pattern is chosen to be one in which the scan lines are 
scanned in parallel segments, for example, as described ' 
above in relation to Figure 4(b) or 5(a) , the data signal 
will be provided from data decoding circuitry. For 

10 example, in the embodiment illustrated in Figure 6, the 
data decoding circuitry includes a data buffer 60 and a 
serial to parallel converter 62. For example, for a 
horizontal scanning application, the data buffer 60 will 
receive externally provided data along line 26 for an 

15 entire scan line and provide it to serial to parallel 

converter 62. Serial to parallel converter 62 in turn 
provides the buffered data in parallel form, 
corresponding to the number of scan segments, to the 
modulator timing circuit 52. Where an X-Y scan pattern 

20 is to be provided, the data buffer 60 will receive and 

buffer data corresponding to the number of scan lines 
being scanned in parallel. This buffered data in turn is 
provided to serial to parallel converter 62 which will 
convert it to a parallel format corresponding to the scan 

25 pattern of Figure 5(b). 

Still referring to Figure 6, the X deflector control 
circuitry 54 receives the reflector synch signal from 
circuit 50 and synchronizes the deflector with the motion 
of the reflector 3 2 in one of the modes described above. 

30 The Y deflector control circuitry 56 in turn receives the 
reflector synch signal from circuit 50 as well as a 
signal from X deflector control 54 to detect when the 
laser beam reaches the extreme edges of the horizontal 
scan line(s) to provide a correcting Y deflection to 

35 remove any nonlinear ities introduced by the beam optics. 

In particular, for scanning in the X-Y directions, the Y 
deflector control circuit 5 6 will adjust the amount of Y 
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deflection at the extreme portion of the horizontal scan 
lines in accordance with the horizontal line being 
scanned. 

In applications where the laser beam scanning 
5 apparatus of Figure 2 is used purely for laser beam 

illumination, the modulator timing circuit 52 as well as 
the data decoding circuitry 60 and 62, may be dispensed 
with. Also, for many such applications, the accuracy of 
the scan lines is less important than for a data 

10 provision system in which case the Y deflector control 
circuitry 56 may also be dispensed with as well as the 
coupling of the reflector speed detection and 
synchronization circuit 50 to the X deflector control 54. 
Of course, it will be appreciated that further 

15 modifications and variations in the control circuitry of 
Figure 6 may be made in accordance with the specific 
application of the laser scanning apparatus of the 
present invention. 

Referring to Figure 7, an alternate embodiment of 

2 0 the laser beam scanning apparatus of the present 

invention is illustrated. In the embodiment of Figure 7, 
the majority of the components of the system correspond 
to those of Figure 2, with like numerals being used. In 
the embodiment of Figure 7, however, the wheel shaped 

25 reflector 3 2 has been replaced with a belt shaped 

reflector 64 mounted on first and second pulleys 66, 68, 
respectively. The belt 64 includes a large number of 
flat reflective surfaces 70 mounted on the outer surface 
of the belt. Since the length of the belt 64 is not 

30 limited by the angular size of the pulley 66, an 

arbitrarily large number of facets 7 0 may be provided. 
This embodiment is suitable for an application where a 
very large number of horizontal scan lines are desired 
for an X-Y scanning pattern. In this case, the length of 

35 belt 64 and the number of facets 70 would be chosen to 

provide the desired number of different angled facets to 
create the desired number of horizontal scan lines. 
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Referring to Figure 8, an alternate embodiment of 
the present invention is illustrated for providing an X-Y 
scan pattern employing two movable reflectors 72, 74. In 
the embodiment of Figure 8, a laser beam 10 is provided 
from laser 12 to modulator/ deflector 16 which functions 
as described in relation to Figure 2 above. Beam 10 is 
then provided to the first movable reflector 72 which 
scans the laser beam 10 in a first X direction in a 
manner as described above in relation to the apparatus of 
Figure 2. The scanned beam 10 is provided to the second 
movable reflector 74 which has a plurality of elongated 
reflective sides 76 which receive the laser beam 10 as it 
is scanned along the horizontal direction. The length 
direction of the reflective sides 7 6 thus corresponds to 
15 the scan direction provided by first reflector 74. After 

completion of a horizontal scan line, the second movable 
reflector 74 is rotated by stepper motor 78 so that 
reflective surface 76 defines a second horizontal scan 
line displaced from the first scan line in the Y 
20 direction. It will thus be appreciated that the stepping 
of the second movable reflector through a desired number 
of discrete angular increments will produce an X-Y scan 
pattern with a desired number of scan lines. 

The modulator /deflector 16 and first movable 
25 reflector 72 preferably operate in a horizontal scan mode 
as described above in relation to Figures 4(a) - (c) . 
The synchronization of the first reflector 72 and second 
reflector 74 may be achieved in combination with 
modulator /deflector 16 by control electronics 80. While 
30 the embodiment of Figure 8 provides additional mechanical 
complexity due to the presence of the second movable 
reflector 74, in some applications, for example, those 
reguiring a very large number of vertical scan lines, the 
embodiment of Figure 8 may be preferred. 
35 Referring to Figure 9, a block schematic drawing of 

a deflector control circuit suitable for use with the 
above-described embodiments is illustrated. For example, 
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th e illustrated deflector control circuit may be suitably- 
employed for deflector control circuit 54, illustrated in 
Figure 6. As illustrated, the deflector control circuit 
employs first, second and third high speed switches 82, 
5 84 and 86, respectively. These three switches 82, 84, 

and 86 selectively couple four drivers 88, 90, 92 and 94 
to the acousto-optic deflector (e.g. deflector 16 
illustrated in Figures 2, 7 and 8). Drivers 88, 90, 92 
and 94 may, for example, be commercially available RF 

10 drivers such as those discussed above available from 
Isomet Corporation. Each of the drivers 88, 90, 92 and 
94 are tuned or preset to a freguency to provide a 
desired fixed degree of deflection for the laser beam 
passing through the deflector 16. These predetermined 

15 deflection amounts will correspond to the amount of 
deflection needed to direct the laser beam to four 
separate facets of the movable reflector (e.g. rotatable 
polygon 32 in the embodiment illustrated in Figure 2) . 
Due to the very fast response time of commercially 

20 available acousto-optic modulators (presently in the 

several nanosecond range) and the high speed switching 
action of switches 82, 84 and 86, the circuit illustrated 
in Figure 9 may effectively jump the laser beam in 
discrete steps from facet to facet at high speed and in 

25 a precise manner. The timing of the stepping of the beam 

from facet to facet, via the activation of switches 82, 
84 and 86, is controlled by timing control circuit 96. 
As illustrated in Figure 9, timing control circuit 96 
preferably receives the SYNCH signal from circuit 50 

30 (shown in Figure 6) , which provides an indication of the 

rotational speed of the reflector. This SYNCH signal is 
employed by timing control circuit 96, along with a 
higher speed clock signal (which may be externally 
provided or generated within circuit 96) , to control the 

35 switching of switches 82, 84 and 8 6 at a high speed 

relative to the angular speed of the rotating deflector. 
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Thus, for example, when a first signal (e.g. high) 
is applied to switch 82 and switch 86, corresponding to 
the switch positions indicated in Figure 9, the driver 
signal from driver 88 will be applied to the acousto- 
5 optic modulator to direct the laser beam to a first 

facet. Upon the signal to switch 82 going low, the 
switch connects driver 90, thereby switching the beam to 
facet number 2. Next, the signal applied to switch 86 is 
driven low while the signal to switch 84 is high, 

10 activating driver 92 and switching the beam to facet 
number 3. Finally, when the signal to switch 84 is low 
the driver 94 is connected to the acousto-optic modulator 
thereby switching the beam to facet number 4. 

It will, of course, be appreciated that four drivers 

15 corresponding to switching between four facets is 

illustrated purely for convenience in Figure 9 and a 
greater or smaller number of drivers, corresponding to 
stepping of the beam between a greater or smaller number 
of facets, may equally be employed. 

20 While the deflector control circuit illustrated in 

Figure 9, employing a discrete switching of predetermined 
driver signals to the acoustic deflector is presently 
preferred, it will be appreciated by those skilled in the 
art that an analog deflector driver circuit may equally 

25 be employed. Such an analog circuit would provide a 

suitable analog ramp signal to a tunable driver to 
thereby sweep the laser beam continuously across a 
desired number of facets. For example, a linear 
sawtoothed-type ramp signal may be employed. Also, other 

30 linear or even nonlinear analog ramp signals may be 

employed to rapidly move the beam from facet to facet. 
Since the facets are optically decoupled no beam 
distortion will occur as the beam is swept between 
adjacent facets. 

35 Referring to Figure 10, an alternate embodiment of 

the laser beam scanning apparatus of the present 
invention is illustrated employing multiple discrete 
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laser diodes in place of a single laser as illustrated in 
the previously described embodiments. As shown in Figure 
10, a rotatable multifaceted polygon 3 2 may be employed 
as in the case of the previously described embodiments. 
5 This, in turn, is rotated by a motor 3 6 at a precise 
speed monitored via encoder 38, also in a manner as 
described above. In place of a single laser beam 10 as 
described above, however, plural laser beams 10a, 10b, 
10c, etc. are provided from discrete laser diodes 98a, 

10 98b, 98c, etc. As will be described in more detail below 

in relation to Figure 11, the individual laser diodes 
98a-98e are controlled separately by control electronics 
100. Although four laser diodes 98a-98d are illustrated 
in Figure 10, it will be appreciated that fewer laser 

15 diodes or a greater number may be employed as desired for 

the specific application. 

As shown in Figure 10, the parallel laser beams 10a- 
lOd provided from laser diodes 98a-98d are focused and 
converged through optical elements 102, 104, which may be 

20 conventional high quality optical lenses. Depending upon 

the constraints imposed by size limitations of the 
specific environment, the parallel laser beams are 
directed through an optical path defined by mirrors 106, 
108, 110 and 112, and through a third optical element 114 

25 to further converge and focus the beams, before providing 
them to rotating reflector 32. The four parallel laser 
beams lOa-lOd are directed from mirror 112 in a compact 
substantially parallel pattern onto reflector 32 so as to 
individually strike four separate respective facets. The 

30 beams are then reflected from their separate facets in a 

direction towards the desired target in a manner as 
indicated generally in Figure 10. 

Since four discrete laser beams lOa-lOd are provided 
by the separate laser diodes 98a-98d, it will be 

35 appreciated that whereas the laser beam described 

previously was swept across plural facets, in the present 
embodiment such a sweeping action is not required and, 
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hence, the use of an acousto-optic deflector may be 
dispensed with. Furthermore, since currently available 
laser diodes may be switched on and off at very high 
speeds, the individual laser beams lOa-lOd may be 
5 modulated by turning the diodes 98a-98d on and off, 
rather than by employing a acousto-optic modulator in the 
respective optical paths to modulate the beam. 
Alternatively, modulation may be achieved by plural such 
modulators in each of the parallel optical paths 
10 illustrated in Figure 10 if so desired. In either case, 

it will be appreciated that by independently activating 
or modulating laser beams lOa-lOd in synchronism with the 
rotation of the plural facets on rotating reflector 32, 
a scan pattern may be created in a first scan direction 
15 in the same manner as described above in the case of the 

high speed sweeping of a single beam across plural 
facets. Similarly, additional scan directions may be 
added in a manner similar to that described above. 

Referring to Figure 11, a block schematic diagram of 
20 a laser diode driver circuit incorporated in the control 
electronics 100 of Figure 10, is illustrated. The 
control circuit illustrated in Figure 11 is adapted to 
successively switch laser diodes 9 8a-9 8d on and off at 
high speed in accordance with a SYNCH signal related to 
25 the angular speed of the rotating reflector 32 derived 

from encoder 3 8 and in response to a DATA signal 
externally provided along line 26. The successive 
activation of the laser diodes 98a-98d so as to 
successively illuminate four respective facets on 
rotating reflector 32 is accomplished in a manner 
analogous to the switching operation of the circuit 
described in relation to Figure 9 above. 

More specifically, the first, second and third 
switches 116, 118, and 120 are switched on and off by 
35 timing control circuit 122 so as to provide power 

successively to laser diodes 98a-98d. Additionally, a 
fourth switch 124 is further controlled by timing control 
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circuit 122 in response to the DATA signal so as to 
modulate the power on and off to an individual laser 
diode as it is switched on to thereby encode data into 
the laser beam applied to the respective facet. 
5 Accordingly, it will be appreciated that the various scan 

patterns, described above in relation to the previous 
embodiments, may be achieved without employing an 
acousto-optic modulator/deflector by successively 
activating independent laser diodes in accordance with 

10 the circuit illustrated in Figure 11. Alternatively, a 
separate switch or a separate modulator may be provided 
for each of the laser diodes 98a-98d so as to allow 
parallel illumination of the respective facets in a 
manner which may be independently modulated in accordance 

15 with the DATA signal. 

While the foregoing detailed description of the 
present invention has been made in conjunction with 
specific embodiments, and specific modes of operation, it 
will be appreciated that such embodiments and modes of 

20 operation are purely for illustrative purposes and a wide 

number of different implementations of the present 
invention may also be made. Accordingly, the foregoing 
detailed description should not be viewed as limiting, 
but merely illustrative in nature. 



WO 92/22109 



PCT/US92/04734 



-32- 



Tndustrial Utility 

It will be appreciated from the foregoing that the 
present invention has utility in a variety of 
applications where it is necessary to scan a laser beam, 
in one or more directions, accurately and at high speed. 
Such applications include laser printers, optical disc 
read/write systems, laser based displays, laser imaging, 
laser phototypesetting, fiber optic networking systems 
and other applications. 



Claims 

1. A laser beam scanning apparatus, comprising: 

a reflector having' a plurality of reflective facets 
configured at different angles; 

means for providing one or more laser beams along an 
optical path to the reflector; 

means for moving said reflector at a predetermined 
angular speed; 

means for directing the one or more laser beams 
successively to plural facets at a high speed relative to 
the angular speed of said reflector; and 

means for synchronizing said means for moving the 
reflector and said means for directing the one or more 
laser beams so as to scan the reflected one or more laser 
beams in a first direction. 

2 . A laser beam scanning apparatus as set out in 
claim 1, wherein said reflector has a wheel shape and the 
reflective facets are positioned on the circumference of 
the wheel and wherein said means for moving said 
reflector comprises a motor coupled to the reflector so 
as to rotate it about its axis at said predetermined 
angular speed. 

3 . A laser beam scanning apparatus as set out in 
claim 1, wherein said means for providing comprises a 
single laser and said means for directing comprises means 
for deflecting said single laser beam at high speed 
across said plurality of facets. 

4 . A laser beam scanning apparatus as set out in 
claim 1, wherein said means for providing one or more 
laser beams comprises a plurality of semiconductor lasers 
for providing a plurality of parallel laser beams and 
said means for directing comprises a plurality of optical 
elements configured so as to direct the plural laser 
beams to separate facets and means for successively 
activating said plural semiconductor lasers. 

5 . A laser beam scanning apparatus as set out in 
claim 1, further comprising means for scanning said 
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ref lected laser beam in a direction perpendicular to said 

first direction. 

6. A laser beam scanning apparatus as set out in 
claim 5, wherein said means for scanning comprises: 

5 a polygon shaped reflector having a plurality of 

flat reflective sides, oriented so as to intercept the 
reflected laser beam with one side thereof and reflect 

the laser beam; and 

means for rotating the polygon shaped reflector so 
10 as to cause the laser beam to traverse the side 

intercepting the laser beam thereby scanning the laser 
beam in said second direction. 

7. A laser beam scanning apparatus as set out in 
claim 1, wherein said reflector is a belt having a 

15 plurality of discrete reflective segments on the outer 
surface thereof and wherein said means for moving the 
reflector comprises first and second pulleys which engage 
the belt. 

8. A laser beam scanning apparatus as set out in 
20 claim 1, wherein said plurality of reflective facets are 

optically isolated from each other. 

9. A laser beam scanning apparatus as set out in 
claim 2, wherein said means for deflecting comprises an 
acousto-optic crystal. 

25 10. A laser beam scanning apparatus as set out in 

claim 1, further comprising means for modulating said one 
or more laser beams in response to an externally supplied 
data signal. 

11. A laser beam scanning apparatus comprising: 
30 a source of a laser beam; 

a polygon shaped reflector configured so as to 
intercept said laser beam, said reflector having a 
plurality of flat reflective sides optically separated by 
non-reflective spacings; and 
35 means, configured in an optical path between said 

source of a laser beam and said reflector, for shifting 
said laser beam across said reflector so as to 
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successively traverse a plurality of said flat reflective 
sides. 

12. A laser beam scanning apparatus as set out in 
claim 11, further comprising means, configured between 

5 said laser beam and said reflector, for modulating said 

laser beam in response to an externally provided data 
signal . 

13. A laser beam scanning apparatus as set out in 
claim 11, wherein said means for shifting comprises: 

10 an acousto-optic deflector for shifting said laser 

beam by a deflection amount related to a driver signal; 
and 

driver means for providing a plurality of discrete 
drive signals corresponding to the plural deflection 
15 amounts required for the laser beam to contact the 

respective reflective sides. 

14. A laser beam scanning apparatus as set out in 
claim 13, wherein said driver means comprises a plurality 
of switches coupling a plurality of discrete driver 

20 signals to said deflector and means for selectively 

activating said switches. 

15. A laser beam scanning apparatus as set out in 
claim 11, further comprising: 

means for rotating said polygon; 
25 means for detecting the rotational position of said 

polygon; and 

means, coupled to said means for detecting 
rotational position, for controlling the means for 
shifting in synchronization with the rotational position 
30 of said polygon shaped reflector. 

16. A laser beam scanning apparatus as set out in 
claim 11, wherein each of said flat reflective sides are 
configured at a different angle in first and second 
directions . 

35 17. A laser beam scanning apparatus as set out in 

claim 11, wherein each of said flat reflective sides has 
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a width approximately equal to the diameter of the laser 
beam. 

18. A method for controlling the position of a 
laser beam comprising the steps of: 

5 providing a reflector having a plurality of flat 

sides so as to intercept said laser beam with one of said 
reflective sides, said reflective sides having normal 
directions to the reflective surface thereof which do not 
lie in a plane; 

10 moving said reflector so as to shift said reflective 

sides in a first direction; and 

shifting said laser beam in the direction of motion 
of said flat reflective sides. 

19. A method for controlling the position of a 
15 laser beam as set out in claim 18, wherein said beam is 

shifted faster than the sides. 

20. A method for controlling the position of a 
laser beam as set out in claim IS, wherein said beam is 
shifted at the same speed as said sides so as to maintain 
the beam on a single side during an entire scan line. 
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ELECTRONIC DISPLAY WITH PHOTOLUMINESCENT WAVELENGTH 

CONVERSION 

CROSS-REFERENCE TO RELATED APPLICATIONS 
5 [0001] The present application claims priority benefit from U.S. Provisional 

Application serial number 60/789,946, entitled "LAYERED 

PHOTOLUMINESCENT DISPLAY SCREEN", filed 4 April 2006; and from U.S. 
Provisional Application serial number 60/789,047, entitled "MULTICOLORED 
PHOTOLUMINESCENT DISPLAY SCREEN", filed 4 April 2006; both 
10 incorporated by reference to the extent they do not contradict material herein. 

TECHNICAL FIELD 

[0002] The present disclosure relates generally to displays, and more 

particularly to video displays configured to produce at least one color channel via 
1 5 photoluminescent wavelength conversion. 

BACKGROUND 

[0003] Electronic displays, including video displays fill an important roll in 

the technology infrastructure of our society. Scanned beam displays have shown 
20 promise in various applications. The availability of light sources at some 

wavelengths has heretofore hindered broad adoption of scanned beam display 
technologies. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0004] Figure 1 depicts photoluminescent wavelength conversion, 

according to an embodiment. 
5 [0005] Figure 2 is a diagrammatic view of a display including a scanned 

light beam activating a photoluminescent material to produce a first visible 
wavelength combined with a scanned light beam having a second visible 
wavelength, according to an embodiment. 

[0006] Figure 3 illustrates spectral properties of three photoluminescent 

10 systems, according to an embodiment. 

[0007] Figure 4 illustrates spectral properties of two photoluminescent 
systems, according to another embodiment. 

[0008] Figure 5 illustrates a display system operable to produce and use a 

composite scanning beam, according to an embodiment. 
15 [0009] Figure 6 illustrates a cross-sectional view of a three layer 

photoluminescent screen, according to one embodiment. 

[0010] Figure 7 is a cross-sectional view of a multilayer photoluminescent 
screen using filters between layers, according to an embodiment. 
[0011] Figure 8 illustrates a photoluminescent screen having arrayed 

20 photoluminescent emission regions, according to an embodiment. 

[0012] Figure 9 is a cross-sectional diagram of a display comprising a 

photoluminescent panel with a microlens array configured to focus light onto 
photoluminescent elements, according to an embodiment. 
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[0013] Figure 10 is a cross sectional diagram of a photoluminescent 

display screen comprising a reflective "cuplet" structure to provide directional 
gain, according to an embodiment. 

[0014] Figure 11 is a cross-sectional diagram of a photoluminescent 

5 display screen comprising a refractive array, according to an embodiment. 
[0015] Figure 12 is a cross-sectional diagram of a photoluminescent 

screen comprising a shadow mask, according to an embodiment. 
[0016] Figure 13 shows plan views of arrays of photoluminescent systems 

and their placement on the substrate of Figure 12, according to embodiments. 
10 [0017] Figure 14 is a diagram showing a display apparatus operable to 
launch excitation beams of light toward a photoluminescent display screen at 
particular angles, according to an embodiment. 
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DETAILED DESCRIPTION 

[0018] Apparatuses and methods are disclosed to provide information 

display using photoluminescent wavelength conversion, for example using a 
5 wavelength-converting display screen to display an image to a viewer. In various 
embodiments, wavelength conversion may be employed to convert non-visible, 
nearly non-visible or visible light at an excitation wavelength to 
photoluminescently emitted visible light at a different wavelength. According to an 
embodiment, a photoluminescent display may be configured to display a color 

10 image to one or more users. 

[0019] Figure 1 illustrates a relationship 101 between excitation light 104 at 

a first wavelength and photoluminescent emission light 1 1 0 at a second 
wavelength, according to an embodiment. Light may impinge on a 
photoluminescent material. Light having a wavelength falling within an absorption 

15 range 102 may be absorbed by the photoluminescent material in a proportion 
corresponding to an absorption spectrum 104. Impinging light having a 
wavelength falling within a second wavelength range 1 06 may be substantially not 
absorbed. The second wavelength range 106 may be referred to as an emission 
range. 

20 [0020] A magnitude of the absorption portion of the spectrum 104 is 

indicated on the left vertical axis. A magnitude of the emission portion of the 
spectrum 110 is indicated on the right vertical axis. Wavelength is plotted on the 
horizontal axis. An absorption spectrum 104 may be a physical property of a 
photoluminescent material. The absorption spectrum 104 may further be 

25 determined or influenced by a physical configuration of the photoluminescent 
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material. An absorption spectrum 104 may have one or more peaks, with the 
exemplary system 101 being shown as having one absorption peak having a 
relative magnitude 104a at a wavelength 118. 

[0021] The emission spectrum 110 may similarly have one or more peaks, 

5 with the exemplary system 101 being shown as having one emission peak having 
a relative magnitude 110a at a wavelength 120. A photoluminescent material 
possessing absorption and emission spectra, 104, 110 as indicated by Figure 1 
may convert energy incident upon and absorbed by the material to an emission of 
light having a spectrum 110. The emission spectrum 1 10 may be characterized 

10 by a peak wavelength 120 that may be referred to as a "photoluminescent 
emission wavelength." The absorption and emission of light energy occurring 
within the photoluminescent material results wavelength conversion characterized 
by a change in wavelength, AA 1 16. Photoluminescent materials may be down- 
converting or up-converting (generally referencing photon energy). For simplicity 

15 of understanding (selected because the phenomenon corresponds to more 
generally familiar materials) Figure 1 may be considered to depict a 
photoluminescent conversion from a shorter received wavelength range 102 to a 
longer emitted wavelength range 106. 

[0022] The absorption spectrum 1 04 may substantially terminate at a 

20 maximum wavelength 130. Above the maximum absorption wavelength 130 

there is substantially no excitation of the photoluminescent material that results in 
an emission of light. 

[0023] Within this description of embodiments, the term "emission 

spectrum" and the term "photoluminescent emission wavelength" are used to 
25 describe the emitted light energy, it will be noted that a plurality of 
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photoluminescent emission wavelengths may be included in an emission 
spectrum. At times, throughout this description of embodiments, these terms will 
be used synonymously to refer to the emitted light energy. 
[0024] Narrow band light such as laser light at an excitation wavelength, 

5 incident upon a photoluminescent material may be represented by a spectral line, 
119. Various devices may be used to generate the light represented at 1 19 
including, for example, a violet or ultraviolet laser diode. Examples of typical 
devices-are, but are not limited to Indium Gallium Nitride (InGaN) laser diodes, 
emitting near 408 nanometer (nm) (violet light), laser diodes emitting at the 380 
10 nm (near-UV) band, laser diodes emitting at the 440 nm band. In one 

embodiment, the excitation wavelength emitted by the light source is within a 
range of non-visible wavelengths such as ultraviolet or approximately ultraviolet. 
In another embodiment, the excitation wavelength emitted by the light source is 

violet or nearly violet. 
15 {0025] The light at the excitation wavelength 1 19 is absorbed by the 

photoluminescent material and is converted into emitted light having an emission 

spectrum 1 10 that is within a visible portion of the electromagnetic spectrum. 

According to various embodiments, emission spectra may correspond with a color 

such as red, green, blue, orange, etc. In a display using a plurality of 
20 photoluminescent emission channels, several materials, each possessing 

different absorption and emission spectrums, may be separately addressed to 

produce a desired magnitude of emission. 

[0026] As indicated above, embodiments may be practiced using up- 
converting photoluminescent materials or down-converting photoluminescent 
25 materials. Embodiments may combine up-converting photoluminescent materials 
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with down-converting photoluminescent materials. For example, one color 
channel may be produced by converting near ultra-violet light to blue with a 
second channel produced by converting infrared light to green. A third channel, 
for example, red, may be produced by a red laser diode directly. 
5 [0027] According to an embodiment, a first portion of an image may 

comprise a first visible component of a scanned beam and a second portion of an 
image may comprise photoluminescent emission. According to an embodiment, 
the photoluminescent emission may be excited by a second component of the 
scanned beam. 

10 [0028] A diagram of a structure operable to combine a visible scanned 
beam component with a photoluminescent emission component is shown in 
Figure 2. In Figure 2, a scanned beam display 201 includes an ultraviolet (UV) 
light source 202 aligned to a scanner assembly 204. The UV source 202 may be 
a discrete laser, laser diode or LED that emits UV light. 

15 [0029] Control electronics 206 drive the scanner assembly 204 through a 
substantially raster pattern. Additionally, the control electronics 206 activate the 
UV source 202 responsive to an image signal from an image source 208, such as 
a computer, radio frequency receiver, forward looking infrared radar (FLIR) 
sensor, videocassette recorder, or other conventional device. 

20 [0030] The scanner assembly 204 is positioned to scan the UV light from 

the UV source 202 onto a screen 210 formed from a glass or plexiglas plate 212 
coated by a photoluminescent structure 214 such as a phosphor layer. 
Responsive to the incident UV light, the phosphor layer 214 emits light at a 
wavelength visible to the human eye. The intensity of the visible light will 

25 correspond to the intensity of the incident UV light, which will in turn, correspond 
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to the image signal. The viewer thus perceives a visible image corresponding to 
the image signal. One skilled in the art will recognize that the screen 210 
effectively acts as an exit pupil expander that eases capture of the image by the 
user's eye, because the phosphor layer 214 emits light over a large range of 
5 angles, thereby increasing the effective numerical aperture. 

[0031] In addition to the scanned UV source, the embodiment of Figure 10 

also includes a visible light source 220, such as a red laser diode, and a second 
scanner assembly 222. The control electronics 206 control the second scanner 
assembly 222 and the visible light source 220 in response to a second image 

10 signal from a second image source 224. 

[0032] In response to the control electronics, the second scanner assembly 

222 scans the visible light onto the screen 210. However, the phosphor is 
selected so that it does not emit light of a different wavelength in response to the 
visible light. Instead, the phosphor layer 214 and the plate 212 are structured to 

15 diffuse the visible light. The phosphor layer 214 and plate 212 thus operate in 
much the same way as a commercially available d iff user, allowing the viewer to 
see the red image corresponding to the second image signal. 
[0033] In operation, the UV and visible light sources 202, 220 may be 

activated independently to produce two separate images that may be 

20 superimposed. For example, in a motor vehicle, the first image source 208 may 
present various data or text from a sensor, such as a speedometer, while the 
second image source 224 may include a forward-looking infrared apparatus 
configured to aid night vision. 

[0034] Although the display 201 of Figure 2 is presented as including two 

25 separate scanner assemblies 204, 222, one skilled in the art will recognize that by 
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aligning both sources to the same scanner assembly, a single scanner assembly 
may scan both the UV light and the visible light. According to an embodiment a 
first light source 202 and second light source 220 may be aligned to a beam 
combiner (not shown) to form a composite beam of light containing the 
5 individually modulated wavelength components emitted by the respective light 
sources. The output of the beam combiner may be aligned to a scanning 
mechanism 204 operable to scan the composite beam of light onto the screen 
210. A visible component of the composite scanned beam, produced by the light 
source 220, may be scattered or diffused by the structure of the screen 210 while 

10 the non-visible component of the composite scanned beam, produced by the light 
source 202, is photoluminescently converted to a third wavelength by the 
photoluminescent structure 214. Thus a color rear-projection display may be 
formed. Alternatively, a color front-projection display may be formed. 
Alternatively, beams from the light sources 202, 220 may be scanned from the 

15 same or different scanning assemblies onto a single (front or rear) side of the 
screen 210 without first being combined into a composite beam by a beam 
combiner. 

[0035] Regarding the display 201 , one skilled in the art will also recognize 

that embodiments are not limited to UV and visible light. For example, the light 

20 sources 202, 220 may be two infrared sources if an infrared phosphor or other IR 
sensitive component is used. Alternatively, the light sources 202, 220 may 
include an infrared and a visible source or an infrared source and a UV source. 
[0036] While the image sources 208 and 224 are described as separate 

inputs, they may be separate channels of a single input. For example, if the light 

25 source 202 is operable, through photoluminescent wavelength conversion, to 
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produce green light and the light source 220 is operable to produce red light, then 
the image sources 208, 224 may respectively correspond to green and red 
channels of an RGB output of a video source. Of course, other color channels 
(such as blue) may similarly be received and produced by other light sources (not 
5 shown) using emission and/or photoluminescent wavelength conversion to form a 
full color display. 

[0037] According to an embodiment a first portion of an image may 
comprise photoluminescent emission at a first visible wavelength and a second 
portion of an image may comprise photoluminescent emission at a second visible 

10 wavelength. 

[0038] Figure 3 illustrates spectral properties 301 of three 

photoluminescent systems, according to an embodiment. With reference to 
Figure 3, wavelength is plotted on the horizontal axis, relative light absorption is 
indicated on the left vertical axis, and relative light emission is indicated on the 

15 right vertical axis. A system wavelength indicated at 330 divides the wavelength 
axis nominally into an absorption region 306 and an emission region 308. While 
the simplified system of Figure 3 illustrates separate wavelength ranges for 
photoluminescent absorption and emission, absorption and emission may be 
intermixed or reversed from the indicated relationship. 

20 [0039] The absorption region 306 may include the absorption spectra for a 

general number of color channels. In the embodiment displayed in Figure 3, 
absorption spectra 310, 312, and 314 corresponding to three color channels are 
shown. The corresponding emission spectra for the photoluminescent materials 
are 316, 318, and 320, respectively. 
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[0040] A first photoluminescent material has an absorption spectrum 310 

with a corresponding emission spectrum 316. A second photoluminescent 
material has an absorption spectrum 312 with a corresponding emission spectrum 
318. A third photoluminescent material has an absorption spectrum 314 with an 
5 emission spectrum 320. The location of emission and absorption spectra on the 
wavelength axis is governed by the physics of a particular structure or material. 
While the relative positions of absorption and emission spectra are shown, for 
simplicity, as falling in corresponding ascending orders, the order of absorption 
spectra does not necessarily imply the same order of emission spectra in 

10 wavelength. Furthermore, as indicated above, one emission spectrum may be 
formed by down-conversion of an excitation wavelength while another emission 
spectrum is formed by up-conversion of an excitation wavelength. An exemplary 
excitation wavelength, A 2 , is shown falling within the absorption spectrum 312 of a 
second photoluminescent system, but outside the absorption spectra 310 and 

1 5 314 of the first and third photoluminescent systems. 

[0041] In various embodiments, a plural channel or multicolor 

photoluminescent display may be formed using photoluminescent materials that 
have different absorption spectra or similar absorption spectra. As will be 
explained, color channels may be separated across a screen, including by zone- 

20 coating, masking, etc, may be mixed within a screen, or may be separated as 
layers through the screen. In cases where photolumescent systems of two 
wavelength channels are spatially separated across a screen, it may not be 
necessary to select absorption spectra that are at least partially non-overlapping, 
as shown in systems 301. Alternatively, when absorption spectra are at least 

25 partially non-overlapping, as shown in Figure 3, it may not be necessary to 
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spatially separate the impingement of excitation energy to corresponding color 
channel regions. It is also possible to mix two channels that are spatially 
separated across a screen but which substantially do not have at least partially 
non-overlapping absorption spectra with a third channel that is not spatially 
5 separated across the screen but which does have an at least partially non- 
overlapping absorption spectrum. 

[0042] Figure 4 illustrates two photoluminescent wavelength conversion 

systems 401 wherein the excitation wavelengths 310, 312 of the systems may be 
viewed as substantially overlapping or separate, depending upon the excitation 
10 wavelength. A first photoluminescent system may have an absorption curve 310 
that, when excited, emits light according to emission curve 316. A second 
photoluminescent system may have an absorption curve 32 that, when excited, 
emits light according to the emission curve 318. 

[0043] Some possible excitation wavelengths, illustrated as Ai , may 

15 correspond to portions of the respective absorption spectra 310, 312 wherein 
significant light absorption or pumping occurs in both systems. Light at 
wavelength Ai impinging on a location including both systems corresponding to 
the absorption spectra 310 and 312 may be expected to produce both emission 
spectra 316 and 318, the proportion of which may be determined by the relative 
20 abundance of the two photoluminescent systems, the relative absorption 
efficiency, the relative conversion efficiency, the depth of excitation photon 
penetration, environmental effects such as temperature that may affect relative 
conversion efficiency, and/or any interaction effects between the systems. Other 
possible excitation wavelengths, illustrated as A 2 and A 3 , may fall within portions of 
25 the respective absorption spectra 312, 310 that are substantially non-overlapping. 
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For example, Light at wavelength A 2 impinging on a location including both 
systems corresponding to the absorption spectra 310 and 312 may be expected 
to produce substantially the emission spectrum 318, because A 2 falls outside the 
absorption spectrum 310. Similarly, light at wavelength A 3 impinging on a location 
5 including both systems corresponding to the absorption spectra 310 and 312 may 
be expected to produce substantially the emission spectrum 316, because A 3 falls 
outside the absorption spectrum 312. Of course, light at either Ai or A 2 that 
impinges upon a location having only the system corresponding to the absorption 
spectrum 312 may be expected to produce substantially only emitted light having 
10 the characteristic emission spectrum 31 8. Similarly, light at either Ai or A 3 that 
impinges upon a location having only the system corresponding to the absorption 
spectrum 310 may be expected to produce substantially only emitted light having 
the characteristic emission spectrum 316. 

[0044] Thus, there are two ways of selectively emitting one or the other of 

15 the emission spectra 316 and 318. One may select an excitation wavelength (e.g. 
A 3 or A 2 ) having spectral selectivity for the corresponding photoluminescent 
systems. Alternatively, one may select a wavelength that may or may not be 
spectrally selective (e.g. Ai or A 3 if one wishes to excite the system having the 
absorption spectrum 310), but which is spatially selected to impinge on a location 
20 corresponding to one system (e.g. 31 0) but not the other system (e.g. 312). 

Combinations of the two effects may be combined, and may be especially useful 
for systems having a limited number of excitation wavelengths, a relatively large 
number of photoluminescent systems, and/or a limited ability to spatially 
differentiate photoluminescent systems. 
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[0045] The selection of excitation wavelengths may be determined 

according to the availability, cost, form factor, reliability, modulatability, etc. of 
various laser sources. Returning briefly to Figure 1 , an excitation wavelength 
corresponding to 118 may be more strongly absorbed, and hence may provide 
5 more efficient conversion to the emission curve 110 than an excitation wavelength 
corresponding to 1 19. However, while a laser light source operable to emit 
excitation energy at a wavelength 118 may be unavailable, costly, etc., a laser 
light source corresponding to 119 may be a better choice because of factors listed 
above or other factors, even though it may nominally produce the emission 
10 spectrum 110 less efficiently because of reduced absorption. Additionally, as will 
be appreciated below, structure may be implemented to effectively improve the 
absorption efficiency at wavelength 119. 

[0046] Returning to the discussion of the embodiment 201 illustrated in 

Figure 2, photoluminescent excitation and/or directly viewable beams may be 
15 combined into a composite scanning beam, for example using a beam combiner. 
Figure 5 illustrates an embodiment of a display system 501 operable to produce 
and use a composite scanning beam. 

[0047] Figure 5 illustrates, according to an embodiment, a scanned beam 

photoluminescent display system 501 including light sources 502, 504, and 506 

20 whose modulated output beams may be combined into a composite modulated 
output beam 507 with a beam combiner 508. With reference to Figure 5, a 
general number of light sources indicated by 502, 504, and 506 are operable to 
emit light. The emitted light of at least one of the light sources 502, 504, 506 may 
correspond to an excitation wavelength used by a photoluminescent system in the 

25 display 501. In one embodiment, the light sources 502, 504, and 506 are laser 
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diodes configured to emit light at different excitation wavelengths. The amplitude 
of the light emitted at the excitation wavelengths is modulated by control 
electronics responsive to image information from an image source not shown, as 
described previously. The light emitted by the light sources 502, 504, and 506 is 
5 combined into a composite beam 507 by beam combining optics 508. The 

combined beam 507 may be shaped by an optical element 510 and scanned by 
scanner 512 onto a photoluminescent screen 514. 

[0048] Excitation wavelengths within the combined scanned beam 516 

excite corresponding photoluminescent systems comprising the screen 514, 

10 causing the photoluminescent systems to absorb the light at the excitation 
wavelengths and then to emit light at corresponding visible photoluminescent 
emission wavelengths at locations 518 impinged by the beam 516. Conversion of 
light from a first wavelength to a second wavelength may be accomplished using 
fluorescent photoluminescent materials, phosphorescent photoluminescent 

15 materials, nanoparticles such as quantum dots, etc. 

[0049] For some embodiments, a frame rate of about 60 Hz may be used. 

Thus, photoluminescent system persistence time may be selected to be 
approximately less than or equal to the frame period (e.g. 1/60 sec.) for a display 
having all pixels addressed each frame time (e.g. a progressive scan display), or 

20 approximately equal to or less than an interleave period (e.g. 1/30 sec.) for a 
display using scan line interleaving. 

[0050] Light sources, 502, 504, and 506 may each emit a spectrum of light 

characterized and referred to as light emitted at an excitation wavelength. Those 
of skill in the art will appreciate that the width in wavelength of an output spectrum 
25 of a light source may differ according to the light source. For example a thermal 
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source may emit a broad spectrum (e.g. that is limited in width using one or more 
filters such as birefringent filters), a LED source may emit a somewhat narrower 
spectrum, and a coherent source such as a laser may emit a line spectrum as 
depicted in figures above. Reference to an excitation wavelength may be 
5 conveniently associated with a dominant wavelength of an output spectrum of a 
light source or a wavelength within the output spectrum of the light source used to 
stimulate photoluminescent emission. In cases where filters or other apparatuses 
or operational methods are used to limit the pass band or emission width of a light 
source, such filters, apparatuses, or methods may be considered to be a part of 
10 the light source, whether or not closely physically associated with the light source. 
For example, plural pass bands may be formed in the composite beam 507 
following combining of the individual beams. 

[0051] The scanner assembly 512 may be operated in a non-resonant or in 

a mechanically resonant mode. One example of a resonant scanner described 

15 U.S. Patent No. 5,557,444 to Melville et al., entitled MINIATURE OPTICAL 
SCANNER FOR A TWO-AXIS SCANNING SYSTEM, which is incorporated 
herein by reference. Other scanning assemblies, such as acousto-optic 
scanners, etc. may alternatively be used. A MEMS scanner, which may be 
preferred in some applications due to its low weight and small size may be 

20 uniaxial or biaxial. An example of a biaxial MEMS scanner is described in U. S. 
Patent No. 5,629,790 to Neukermans, et al entitled MICROMACHINED 
TORSIONAL SCANNER, which is incorporated herein by reference. 
[0052] The display 501 may take many forms, for example the screen 514 

may be directly viewed by a viewer, or alternatively imaging optics (not shown) 

25 may project the image formed on the screen 514 to the viewer. For example, the 
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imaging optics may include more than one lenses or diffractive optical elements 
operable to project an image onto the retina, optionally through relay optics, onto 
the retina of a viewer, such as to form a retinal display. Retinal displays, in turn, 
may take many forms, including a head-mounted display (HMD), a heads-up 
5 display (HUD), etc. One example of a retinal display is a scanned beam display 
such as that described in U. S. Patent No. 5,467,104 of Furness et al., entitled 
VIRTUAL RETINAL DISPLAY, which is incorporated herein by reference. An 
example of a fiber-coupled retinal scanning display is found in U.S. Patent No. 
5,596,339 of Furness e. al., entitled VIRTUAL RETINAL DISPLAY WITH FIBER 
10 OPTIC POINT SOURCE which is incorporated herein by reference. Similarly, 
projection optics may project the image formed on the screen 514 onto another 
viewing surface such as a projector screen. 

[0053] Direct view screens may similarly be used in a variety of 

applications. For example, an automotive instrument cluster or panel may be 

1 5 formed by projecting one or more scanned beams onto a photoluminescent panel 
514, which may for example be embedded in the dashboard of a vehicle. 
Perhaps more familiarly, a photoluminescent panel 514 may comprise a computer 
monitor, a television monitor, a portable video player monitor, etc. 
[0054] As indicated above, combinations of excitation wavelengths and 

20 photoluminescent systems may be selected to provide individual modulation of 
color channels including selected photoluminescent wavelength conversion 
simply by selecting a particular wavelength for excitation. According to some 
embodiments, the photoluminescent systems may be intermixed on the screen 
514. Alternatively, it may be desirable to arrange the photoluminescent systems 



17 



WO 2007/114918 



PCT/US2007/008318 



in two or more layers on the screen 514. Such an arrangement may aid, for 
example, in reducing cross-talk between photoluminescent systems. 
[0055] According to an embodiment, a multilayered photoluminescent 

screen may be used to display an image to user. 
5 [0056] Figure 6 illustrates a cross-sectional view of a three layer 

photoluminescent screen 601 according to one embodiment. A first 
photoluminescent layer 602 is disposed proximate to a second photoluminescent 
layer 604, which is disposed proximate to a third photoluminescent layer 606. In 
one embodiment, the absorption spectra 310, 312, and 314, (Figure 3) 

10 correspond to the photoluminescent layers 602, 604, and 606, respectively. A 
beam of light 610 at a second excitation wavelength A 2 falling within the 
absorption curve 312 is incident upon the screen, impinging on the first 
photoluminescent layer 602. Other beams of light corresponding to excitation of 
absorption spectra 310 and 314 are not shown so that the operation of the 

1 5 second excitation wavelength used to excite the second layer may be clearly 
illustrated. 

[0057] The beam of light 61 0 passes through the first photoluminescent 

layer 302 without absorption since the second excitation wavelength is greater 
than the maximum absorption wavelength of the absorption spectrum 310 of the 

20 first layer. The beam of light 610 is absorbed by the second layer 604, causing 
an emission of light at a second photoluminescent emission wavelength as 
indicated by 612 and 616. Emitted light 612, 616 may comprise substantially 
omnidirectional emission, a portion of which travels out of the display screen in a 
general direction as indicated by 630 (although in many cases, direction 630 may 

25 be more properly referred to as substantially a hemispherical direction, wherein 
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light is emitted hemispherically toward the right, with or without gain in a particular 
direction). Light emitted in a rear direction, indicated by 616, may be recovered 
by reflection off of a layer of material 614 disposed between the first 
photoluminescent layer 602 and a substrate 608. In one embodiment, the 
5 substrate 608 is a layer of glass. In one embodiment, the layer of material 614 is 
a selective reflector configured to pass light at excitation wavelengths and to 
reflect light at photoluminescent emission wavelengths. Such reflective behavior 
of the layer of material 614 results in the reflection of backward-emitted light 616 
as indicated by the arrow. Reflection of light 616 by the layer of material 614 may 

1 0 results in more light being directed from the display screen in a forward direction, 
along departure angles that lie in the first (I) and fourth (IV) quadrants. The layer 
of material 614 may be comprised, for example, of a dielectric coating. In one 
embodiment, the layer of material 614 is multilayered dielectric film including 
Titanium Dioxide (Ti0 2 ) and/or Silicon Dioxide (Si0 2 ). Such coatings may be 

15 combined to make filters that have various pass bands in wavelength. 

[0058] Alternatively, the display screen may be illuminated by a beam of 

excitation light, at a photoluminescent excitation wavelength, traveling from right 
to left as indicated by 61 8. Such a beam of light at a photoluminescent excitation 
wavelength A 2 passes through the top layer 606 corresponding to the absorption 

20 spectrum 314 (Figure 3) because it lies outside the absorption spectrum 314. 

The beam is absorbed by the second photoluminescent layer 604, which results 
in an emission of light at a photoluminescent emission wavelength 318 (Figure 3) 
as indicated by 620 and 622. It may be noted that a general number of layers can 
be used in a multilayered photoluminescent display screen. 
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[0059] In one embodiment, the layers of photoluminescent material 

indicated by 602, 604, and 606 may have a thickness of less than a micron or 
they may have a thickness greater than a micron, depending on a particular 
material and a desired absorbance for a particular layer. In one embodiment, a 
5 layer thickness of 0.5 micron illuminated with a beam of light having a spot 

diameter of 15 microns results in negligible loss in resolution. One trade-off with 
thicker photoluminescent layers 602, 604, and 606 may include loss of apparent 
resolution. The apparent loss in resolution may correspond, for example, by 
apparent differences in lateral position of rays 612 emitted in a forward direction 

10 (I, IV) vs. the reflection of rays 616 emitted in a rearward (II, III) direction. 

[0060] Various photoluminescent materials can be used in the layers, some 
examples of materials are, but are not limited to, rare earth ions in glass or 
crystals, such as Neodimium doped Yttrium Aluminum Garnet Nd.YAG or dyes in 
solution or polymers. The organic compound Perylene, organic dyes such as 

15 Coumarin, Fluorescein, and Rhodamine can be used in various embodiments for 
the photoluminescent material. In one embodiment, three laser dyes that 
produce emissions of red, green, and blue light are Rhodamine 101 (excited with 
a excitation wavelength at 380 nm, emit at a photoluminescent emission 
wavelength of 640 nm "red"), Coumarin 466 (excited with a excitation wavelength 

20 of 405 nm, emit at a photoluminescent emission wavelength of 460 nm "blue"), 
and Coumarin 522 (excited with a excitation wavelength of 420 nm, emit at a 
photoluminescent emission wavelength of 525 nm "green"). 
[0061] In various embodiments, nanoparticles such as quantum dots may 

be used to control the magnitude of the photoluminescent emission wavelength 

25 (color) of the light energy emitted by the photoluminescent material and/or replace 
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dyes or phosphors as photoluminescent materials. Quantum dots of smaller size 
may emit light at shorter photoluminescent emission wavelengths (nearer the blue 
end of the visible spectrum) and quantum dots larger size may emit light at longer 
photoluminescent emission wavelengths (nearer the red end of the visible 
5 spectrum). In various embodiments, suitably sized quantum dots are configured 
into films that emit light at selected photoluminescent emission wavelengths, such 
as but not limited to red, green, and blue. 

[0062] An absorbance of a layer may be scaled by varying the product of 

concentration, molecular weight, and path length, where concentration and 
10 molecular weight refer to a photoluminescent material and the path length refers 
to the thickness of the photoluminescent layer. 

[0063] Figure 7 is a cross-sectional view of a multilayer photoluminescent 

screen 701 using filters between layers according to an embodiment. While the 
photoluminescent screen 701 may, in certain embodiments, be self-supporting, a 

15 substrate (not shown) may be used to support the layers shown. The substrate 
should be at least partially transparent to allow the transmission of visible 
photoluminescently emitted light (if located on the right side of the cross-section 
701), and/or to allow for the transmission of excitation light (if located on the left 
side of the cross-section 701). The multilayered photoluminescent screen 701 

20 may be selectively illuminated by one or more beams of light 720, 730, and 740 
respectively comprising first, second, and third photoluminescent excitation 
wavelengths Ai, A 2 , and A 3 . The beam 720 comprising the first excitation 
wavelength Ai is absorbed by a photoluminescent entity 722 in a first 
photoluminescent layer 704, resulting in an emission of light at a first 

25 photoluminescent emission 724 at wavelength A4. Light energy 724 travels 
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toward a viewer 760. Light energy that is not absorbed during a first pass through 
the first photoluminescent layer 704 may reflected back through the first 
photoluminescent layer 704 by a layer of material 706. The layer of material 706 
is, in one embodiment, configured to pass light above a maximum absorption 
5 wavelength of the first photoluminescent layer 704 and to reflect light below the 
maximum absorption wavelength of the first photoluminescent layer 704. Light at 
the first excitation wavelength that is not absorbed by the first pass through the 
photoluminescent layer 704 but is reflected from the layer of material 706 is 
indicated at 726. Light 726 may travel at least part way through the first 

10 photoluminescent layer 704 a second time, facilitating further absorption and 
emission of light at the first photoluminescent emission wavelength A4. 
[0064] In one embodiment, a layer 702 is disposed on the first 

photoluminescent layer of material 704. The layer of material 702 may be 
configured, in one embodiment, to pass light below a particular wavelength and to 

15 reflect light above the particular wavelength. In one embodiment, the particular 
wavelength is selected to allow beams 720, 730, and 740 at three excitation 
wavelengths Al A 2 , and A 3 to pass, and to reflect visible light emitted by the 
photoluminescent layers. Emission of light 722 that travels back toward the layer 
702 is reflected thereby resulting in more light 728 at the first photoluminescent 

20 emission wavelength being directed toward the viewer 760 of the display. 
[0065] Similarly, light 730 at the second excitation wavelength A 2 is 

absorbed by a second photoluminescent layer 708, resulting in an emission of 
light at a second photoluminescent emission wavelength A5 indicated at 734. 
Excitation light energy 730 that is not absorbed by the second photoluminescent 

25 layer 708 is reflected back through the second photoluminescent layer 708 as 



WO 2007/114918 



PCT/US2007/008318 



reflected excitation beam 736 by a layer of material 710. The layer of material 
710 is, in one embodiment, configured to pass light above a maximum absorption 
wavelength of the second photoluminescent layer 708 and to reflect light below 
the maximum absorption wavelength of the second photoluminescent layer 708. 
5 Light at the second excitation wavelength A 2 that is not absorbed by the second 
photoluminescent layer 708 but is reflected from the layer of material 708 is 
indicated at 736. Light energy 736 can travel across the second 
photoluminescent layer 708 a second time facilitating further absorption and 
emission of light at the second photoluminescent emission wavelength A 5 . 
10 Emission of light from photoluminescent entity 732 that travels back toward the 
layer 702 is reflected thereby resulting in more light 738 at the second 
photoluminescent emission wavelength A 5 being directed toward the viewer 760 of 
the display. 

[0066] Light 740 at the third excitation wavelength A 3 passes through the 

15 selective reflective layer 702, the first photoluminescent layer 704, the selective 
reflective layer 706, the second photoluminescent layer 708, and the selective 
reflective layer 710 substantially unimpeded, and is absorbed by a third 
photoluminescent layer 712. A photoluminescent entity 742 within the third 
photolumienscent layer 712 responsively emits light at a third photoluminescent 
20 emission wavelength A 6 indicated at 744. Incident excitation light energy 740 at 
the third photoluminescent excitation wavelength A 3 that is not absorbed by the 
third photoluminescent layer 712 on the first pass may be reflected back into the 
third photoluminescent layer 712 as reflected excitation beam 746 by a layer of 
material 714. The layer of material 714 is in one embodiment, configured to pass 
25 light above a maximum absorption wavelength of the third photoluminescent layer 
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714 and to reflect light below the maximum absorption wavelength of the third 
photoluminescent layer 714. Light at the third excitation wavelength A 3 that is not 
absorbed by the third photoluminescent layer 712 but is reflected from the layer of 
material 714 is indicated at 746. Light 746 may travel across the third 
5 photoluminescent layer 714 a second time facilitating further absorption and 
emission of light at the third photoluminescent emission wavelength A s . Light 
emitted by the photoluminescent entity 742 that travels back toward the layer 702 
is reflected thereby resulting in more light 748 at the third photoluminescent 
emission wavelength A6 being directed toward the viewer 760 of the display. 

10. [0067] In various embodiments, the layer of material 714 may provide an 

anti-reflective coating for the display. In embodiments, the layer of material 714 
may reflect light below the lowest emission wavelength A4 and above the highest 
excitation wavelength A 3 thereby protecting a viewer from light that may be 
harmful to the viewer's eyes. In embodiments, the layer of material may be 

1 5 configured to allow relatively narrow bands of emitted light near A1, A2, and A 3 
infrared to pass while absorbing other intermediate wavelengths, thus providing 
reduced glare by broadband ambient light. 

[0068] The selectively reflective layers of material, 702, 706, 710, and 714 

may be made using multilayered dielectric coatings as described above. 
20 Multilayered dielectric coatings may provide for flexibly designed filters having 
pass bands that are tailored for specific applications and embodiments. 
[0069] According to an embodiment, display may include a plurality of 
photoluminescent systems configured to selectively emit a corresponding plurality 
of emission wavelengths, wherein the photoluminescent systems are arranged to 
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be selectively addressed or energized by spatial differentiation across a display 
screen or intermediate image pfane. 

[0070] Figure 8 illustrates a photoluminescent screen 801 having arrayed 

photoluminescent emission regions configured to emit corresponding 
5 wavelengths, according to an embodiment. The photoluminescent screen 801 
includes a substrate 802 on which may be formed photoluminescent emission 
regions, for example configured to respectively emit red, green, and blue 
photoluminescent emissions. A first group of interstitially located lines of 
photoluminescent systems is indicated at 804. A second group of interstitially 
1 0 located lines of photoluminescent systems is indicated at 806. The substrate 802 
may include a general number of groups of interstitially located lines of 
photoluminescent systems, an ultimate group being indicated at 808. In one 
embodiment, each group of lines, 804, 806, and 808 is used to display a line of 
pixels within a frame of an image. Taken together, the groups of lines 804, 806, 

15 through 808 present an image to a user. 

| [0071] Responsive to one or more scanned beam(s) of light, the 

photoluminescent system within line 804a emits visible light having a wavelength 
corresponding to a color red. The scanned beam(s) of light is modulated during 
the scan along line 804a to provide variation in the light emitted by the 

20 photoluminescent system 804a as a function of position, thereby providing 

amplitude variation in the red emission. Similarly the scanned beam(s) of light 
excites a line of photoluminescent system 804b, selected to provide a green 
emission, and a line of photoluminescent system 804c selected to provide a blue 
emission. The other groups of lines, 806 and 808 are made up of individual lines 

25 of photoluminescent system, i.e., 1306a, 1306b, 1306c, 1308a, 1308b, and 1308c 
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selected to provide light at visible colors as described above. Modulation of the 
amplitude of the scanned beam(s) of light results in a display of image information 
on the photoluminescent display screen 801. 

[0072] In various embodiments, different patterns are used for the 

5 phosphor on the photoluminescent display screen 801 . In one embodiment, the 
photoluminescent system lines within the groups (804, 806, 808), for example 
804a, 804b, and 804c, are separated by light absorbing material to prevent 
undesirable artifacts in the image displayed, such as cross-talk between lines. In 
another embodiment, the photoluminescent system lines within the groups (804, 
1 0 806, 808), for example 804a, 804b, and 804c, are formed as a series of dots 
rather than a continuous line of photoluminescent system. Such a patterning of 
dots may improve resolution of a display when using some phosphorescent 
materials. 

[0073] In various embodiments, multiple beams of light can be scanned 

15 across the photoluminescent display screen 801 . In one embodiment, three light 
beams are scanned simultaneously. Each light beam is aligned to illuminate a 
given color photoluminescent system or phosphor displaying red, green, or blue 
pixel information. In another embodiment, a single light beam scans the display 
screen 801 illuminating the line 804a, followed by 804b, followed by 804c; writing 
20 the image information pertaining to each color of a line of image information 

sequentially. Other visible colors may be emitted by the photoluminescent display 
screen 801. 

[0074] In various embodiments, screen gain may be obtained for a 

photoluminescent display screen using a lenslet or lenticular array. Figure 9 is a 
25 diagram of a display 901 comprising a photoluminescent panel with a microlens 
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array configured to focus light onto photoluminescent elements according to an 
embodiment. Light sources 902, 912, and 922 emit light at excitation 
wavelengths. In one embodiment, the light sources 902, 912, 922 emit light in the 
non-visible ultraviolet band (UV) or nearly ultraviolet band. Typical devices used 
5 for light sources 902, 912, and 922 may include laser diodes and/or frequency 
doubled lasers. In another embodiment, one or more of the light sources 902, 
912, 922 emit light in the visible band. In another embodiment, one or more of 
the light sources 902, 912, 922 emit light in the infrared band. In yet another 
embodiment, one or more light sources emit light in one band such as the UV 
1 0 band and/or the IR band and one or more light sources emit light in the visible 
band. 

[0075] The light emitted at the excitation wavelengths is scanned by a 

scanner 904 onto a photoluminescent display screen 905. The photoluminescent 
display screen 905 may include an array of microlenses 930.. Photoluminescent 

15 materials 906, 916, and 926 may be disposed on the microlens 930 to form a 

colored picture element (pixel). Light from the light source 902 is directed by the 
scanner 904 to the microlens 930, where the light is focused onto 
photoluminescent material 906. Similarly, light from the light source 912 is 
directed by the scanner 904 to the microlens 930, where the light is focused onto 

20 photoluminescent material 916, and light from the light source 922 is directed by 
the scanner 904 to the microlens 930, where the light is focused onto 
photoluminescent material 926. 

[0076] Light arriving from the light sources 902, 912, and 922 at different 

convergence angles relative to the microlens 930 facilitates selectively directing 
25 and focusing of the light by the microlens 930 onto the respective 
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photoluminescent materials 906, 916, and 926. The photoluminescent materials 
convert light incident thereon to emissions of light that are shifted up or down in 
wavelength. 

[0077] Photoluminescent materials 906, 916, 926 may be selected to 

5 provide emissions of light that are separated in wavelength to produce RGB 

output, for example. Thus, in various embodiments, multicolored light is emitted 
by the pixel constructed as shown in Figure 9. Pixels may be formed by 
illuminating a single photoluminescent material with a light source at an excitation 
wavelength in conjunction with a microlens, resulting in a gray scale display 
10 utilizing an emission of light at a single color such as but not limited to green, 
orange, red, etc. Multicolored pixels may be formed with a plurality of 
photoluminescent elements, such as the three color pixel described in conjunction 
with Figure 9. 

[0078] In one embodiment, the photoluminescent materials 906, 916, and 

15 926 are surrounded by a light absorbing material 936a, 936b, 936c, and 936d. 
The light absorbing material absorbs incident light and may reduce cross-talk 
between photoluminescent elements. According to some systems, cross-talk may 
be reduced by preventing an emission from one photoluminescent material from 
exciting a neighboring photoluminescent material. Additionally, the light 
20 absorbing material can prevent an incident excitation wavelength light beam from 
exciting the wrong photoluminescent element due to misalignments of the light 
beam and the photoluminescent materials. For example, some part of the 
system, such as the light source 922, the scanner 904, etc. may be misaligned, 
mis-synchronized, vibrated, etc. in a manner that could result in the scanned 
25 beam falling partially on the intended photoluminescent material 926 and the light 
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absorbing material 936c instead of falling on a neighboring photoluminescent 
material due to the misalignment. 

[0079] In one embodiment, a layer of material, indicated at 932 is disposed 

between the microlens 930 and the layer 933 that contains the photoluminescent 
5 materials. The layer of material 932 is configured to pass light from the light 

sources 902, 912, and 922 (at one or more excitation wavelengths) and to reflect 
light emitted from the photoluminescent materials at photoluminescent emission 
wavelengths. The layer of material 932, so configured, permits light at the 
photoluminescent emission wavelengths otherwise emitted in a direction away 
10 from a viewer 940 to be reflected and directed to the viewer in a manner similar to 
that described in conjunction with Figures 6 and 7. 

[0080] In various embodiments, a layer of material 934 is configured as a 

filter and/or as a protective coating for the photoluminescent display screen. In 
one embodiment, the layer of material is configured to pass light at visible 

15 wavelengths and to reflect light at excitation wavelengths. Such a configuration 
protects a viewer from light at the excitation wavelength(s). In one embodiment, 
the layer of material 934 is configured to pass light above a particular wavelength 
and to reflect light below the particular wavelength. In one embodiment, the 
particular wavelength is the minimum visible wavelength of interest that is part of 

20 the emissions from the photoluminescent materials. Those of skill in the art will 
realize that the layer 934 can be configured in a variety of ways consistent with 
the desired operation of the display screen. In some embodiments, an emission 
(photoluminescent emission wavelength) from the photoluminescent materials is 
at infrared wavelengths; in such configurations it may be desirable to configure 

25 the layer of material 934 to pass infrared and to reflect wavelengths below 
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infrared. Thus, a particular wavelength is adjustable within the parameters of a 
particular system design. In other embodiments, the layer of material is 
configured to act as a band pass filter. In various embodiments, the layers of 
material 932 and 934 are made using dielectric coatings as described above in a 
5 previous section. 

[0081] The view presented in Figure 20 is a cross-sectional view of one 

pixel of a display screen that may include a plurality of pixels. In various 
embodiments, as is known to those of skill in the art, the microlens 930 may 
extend in one or two dimensions, creating a microlens array. The scanner 904 
10 scans light from the light sources 902, 912, and 922 over the microlens array to 
display an image to the viewer 940. 

[0082] In one embodiment, the microlens array is used during the 

fabrication of the photoluminescent display. The selective placement of light by 
the microlens is used to expose photoresist during the photolithographic steps of 

15 fabrication. In one embodiment, light sources and the microlens are used to 
expose a positive photoresist in the locations where the photoluminescent 
material will be deposited. After exposure, the positive photoresist is removed 
during developing and the photoluminescent material is deposited. Either positive 
or negative photoresist can be used and light sources can be positioned 

20 accordingly to focus light through the microlens to expose the desired regions of 
photoresist. As is know to those of skill in the art, successive photolithographic 
steps of exposure to light, etching, deposition of material, planarization, etc. are 
used to make a display screen. 

[0083] For example, in one embodiment, a layer of positive photoresist 

25 covers the microlens 930. Light from the light source 922 is used to expose the 
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positive photoresist over the region of 926. Chemical etching removes positive 
photoresist from over the region of 926 and etches down to form a void. In a 
following step the photoluminescent material is deposited into the void to form 
photoluminescent material 926. 
5 [0084] In another example, a negative photoresist may be applied. Light 

from the light sources 902, 912, 922 illuminates the photoresist, fixing the regions 
where photoluminescent material has been deposited previously. Subsequent 
developing may remove the photoresist from the regions where the light 
absorbing material 936a, 936b, 936c, 936d will be applied. In a subsequent step 
10 the light absorbing material 936a, 936b, 936c, 936d is deposited. Many variations 
of using the microlens array during the manufacturing step of the display are 
possible and are contemplated to be within the scope of the teachings presented 
herein. 

[0085] Figure 10 shows a cross section of a photoluminescent display 

15 screen 1001 comprising a reflective "cuplet" structure to provide directional gain 
according to an embodiment. Light 1002 at an excitation wavelength from a light 
source impinges on a microlens 1004 and is directed by the microlens 1004 to an 
element of photoluminescent material 1006. Light at the excitation wavelength is 
absorbed by the photoluminescent material and an emission of light at a higher 
20 wavelength occurs (photoluminescent emission wavelength). As described 

earlier, emission of light by a photoluminescent material is omnidirectional and, as 
such, light travels in directions that might not be beneficial to a viewer of a display 
screen. In one embodiment, a cross-sectional view of a reflective structure in the 
shape of a cup or cone is indicated at 1012. The reflective structure 1012 collects 
25 light emitted by the photoluminescent material 1006 and directs the light into a 
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field of view of a viewer 1040. Light rays 1010 emanate from the reflective 
structure and travel in a direction of the viewer 1040. Light rays 1008 have 
reflected off of the interior surface of the reflective structure and are directed to 
the viewer 1040. An intensity of the light delivered to the viewer 1040 is 
5 increased by the reflective structure. In one embodiment, the reflective structure 
is a reflective cone. In one embodiment, the photoluminescent material 1006 is 
located inside of the reflective cone. Alternative reflective structure shapes such 
as boxes, cylinders, etc. may be used in alternative embodiments. 
[0086] While the description above pertaining to Figure 10 is, for 

10 simplicity's sake, directed to a single color element of a pixel, adjacent reflective 
structures 1014 and 1016 provide the similar functionality to the adjacent 
elements of photoluminescent material. Pixels may be single colored, as in a 
monochrome display, or plural cuplets 1012, 1014, 1016 may contain a 
corresponding plurality of photoluminescent systems, with exposure of the 

15 plurality of neighboring being combined as described above to produce colored 
pixels. 

[0087] Figure 11 is a cross-sectional diagram of a photoluminescent 

display screen 1 101 comprising a refractive array according to an embodiment. A 
refractive array 1 103 has a plurality of refractive elements, such as an element 

20 1 104 positioned to refract light at different wavelengths to individual 

photoluminescent elements. Individual beams of light, such as 1102, 1112, and 
1 122, at three different wavelengths may be combined with a beam combiner and 
the composite beam scanned, or alternatively the beams 1102, 1112, and 1122 
scanned individually onto an element 1104 of the refractive array 1 103. The 

25 refractive element 1 1 04 directs light 1 1 06 (at a first wavelength AO to a first 
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element of photoluminescent material 1 108. Light 1 106 is directed at a first angle 
by the refractive element 1 104. Similarly, the refractive element 1 104 directs light 
1 116 (at a second wavelength A 2 ) to a second element of photoluminescent 
material 1118. Light 1 126 is directed at a second angle by the refractive element 
5 11 04. Similarly, the refractive element 1 1 04 directs light 1 1 26 (at a third 

wavelength A3) to a third element of photoluminescent material 1 128. Light 1116 
is directed at a third angle by the refractive element 1 104. The three 
photoluminescent elements 1 108, 1118, 1 128 and the refractive element 1 104 
may form a pixel with which an element of picture information, represented by 

10 emissions 1 108a, 1 1 18a, and 1 128a are viewed by a viewer 1 140. 

[0088] A display screen may be formed by replicating the picture element 

shown in Figure 11 to form an array of picture elements (pixels). Such an array 
may be a one dimensional or two dimensional array of pixels operable to produce 
pixels for viewing by a viewer 1 140. 

15 [0089] A plurality of beams of light configured to excite respective 

photoluminescent systems may be formed having particular approach angles to a 
photoluminescent screen. Figure 12 is a cross-sectional diagram of a 
photoluminescent screen 1201 comprising a shadow mask 1202, according to an 
embodiment. Figure 13 shows plan views of the arrays of photoluminescent 

20 systems of Figure 12, and their placement and addressability angles, according 
to embodiments. Figure 14. is a diagram showing a display apparatus 1401 
operable to launch excitation beams of light toward the photoluminescent display 
screen 1201 of Figures 12-13 at particular angles, according to an embodiment. 
[0090] According to embodiments illustrated by Figures 12-14, one may 

25 determine the operability of a particular beam (and the inoperability of other 
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beams) to excite a subset of an array of photoiuminescent systems. Such an 
array may alternatively be viewed as a superset of interposed or interstitial arrays 
of photoiuminescent systems. According to some embodiments, each interposed 
array (or array subset) may comprise repeated instances of a particular 
5 photoiuminescent system configured to photoluminescently emit a particular 
wavelength of light. According to embodiments illustrated by Figures 12-14, a 
first beam propagation path may be selected to excite a first interposed array, 
with other beam propagation paths being masked and therefore unable to excite 
the first interposed array. A second beam propagation path may similarly be 

10 selected to excite a second interposed array, and a third beam propagation path 
selected to excite a third interposed array, wherein each of the beam propagation 
paths is operable to address or excite its paired interposed array of 
photoiuminescent systems, but inoperable to address or excite non-paired 
interposed arrays of photoiuminescent systems. According to an embodiment, a 

15 shadow mask aligned between portions of the beam propagation paths and the 
interposed arrays of photoiuminescent systems may be configured to provide 
incident angle selectivity. 

[0091] Referring to Figure 14, the direction of the beam of light 1402 

impinging on a photoiuminescent display screen 1201 may be defined by two 
20 angles. A first angle (<J>) 1404 defines the rotation angle of the beam of light 1402 
relative to display screen 1201. The first angle 1404 may be thought of as an 
azimuth coordinate. A second angle (y) 1406 defines the angle between the 
plane of the photoiuminescent display screen 1201 and the beam of light 1402. 
The second angle 1406 may be though of as an elevation coordinate. 
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[0092] Referring to Figure 12, a first beam of light 1204A beam of light is 

scanned across a display surface to impinge upon regions of photoluminescent 
material such as a phosphorescent material or a fluorescent material. A shadow 
mask is disposed between the light source and the display surface so that only a 
5 portion of the spot area of the light beam can pass through the openings in the 
shadow mask and reach the display surface. A shadow mask can be made from 
a solid piece of material or from two pieces of material spaced apart with 
openings in each piece that are aligned at the angles necessary to allow the light 
beam to reach the proper photoluminescent material positioned beneath the 

10 shadow mask. 

[0093] With reference to Figure 12, a shadow mask 1202 is positioned 

above a display substrate 1203. A beam of light 1204 is directed at an angle y R 
1206 relative to the planes of the shadow mask 1202 and substrate 1203. The 
light beam 1204 passes through a first open region 1204a defined by the shadow 

15 mask 1202. The shadow mask 1202 may be comprise of an opaque material to 
provide openings 1204a, 1204b, 1214a, and 1214b through which light may pass 
and opaque regions where light cannot pass. A first spot of photoluminescent 
material 1210 is aligned with opening 1204a such that when the beam of light 
1204 is incident at the elevation angle y R 1206 and at an azimuth angle <3> R 1302 

20 (visible in Figures 13 and 14) the first spot of photoluminescent material 1210 is 
illuminated by the beam 1204. The opaque material of the shadow mask 1202 
defines a second open region 1204b through which the light beam 2304 may 
pass to illuminate a second photoluminescent spot 1228. In one embodiment, the 
first photoluminescent spot 1210 and the second photoluminescent spot 1228 

25 emit the same color light when excited with light at an excitation wavelength. In 
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one embodiment, the first photoluminescent spot 1210 is a color element of a first 
pixel and the second photoluminescent spot 1228 is a color element of a second 
pixel. According to an embodiment, photoluminescent spots 1210 and 1228 are 
configured to emit red light when excited by the excitation beam 1204. The 
5 azimuth and elevation angles 1302 and 1206 may thus be referred to as the red 
excitation beam coordinates and the angle of the apertures 1204a, 1204b are 
formed having corresponding angles. As may be appreciated, in some 
embodiments the apparent azimuth and elevation angles 1302, 1206 may vary 
across the photoluminescent display screen 1201 as the apparent angle to the 

10 beam source changes. According to some embodiments, the penetration angles 
of the apertures 1204a, 1204b may be varied across the plane of the shadow 
mask 1202 to correspond to the change in azimuth and elevation angels 1302, 
1206 of the excitation beam. According to some embodiments, the apertures 
1204a, 1204b may be formed somewhat oversize to accommodate changes in 

15 the beam angles and may thus be formed at constant angles across the plane of 
the shadow mask 1202. According to some embodiments, the apertures 1204a, 
1204b may be formed in groups with each group having an azimuth and elevation 
angle 1302, 1206 selected to provide sufficient beam 1204 penetration across the 
group, for example by picking angles optimum for the central one of the group of 

20 apertures 1204a, 1204b. Trade-offs in screen excitation/emission uniformity, 
screen size, the ratio of diameters of the beam 1204 to the apertures 1204a, 
1204b, the optical path length of the beam 1204 from an angle-defining optical 
element, etc. may be used to select the size and number of groups. 
£0094] Another beam of light, 1 214 is oriented to strike the shadow mask at 

25 an elevation angle yc 1 207 and at an azimuth angle <t> G 1 304 (visible in Figures 
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13 and 14) a third spot of photoluminescent material 1218 is illuminated thereby. 
A fourth open region 1214b is defined by the shadow mask 1202 and is also 
positioned to allow the beam of light 1214 to pass through and to illuminate a 
fourth photoluminescent material 1238. Photoluminescent spots 1218 and 1238 
5 may emit a common color of light, different than photoluminescent spots 1210 
and 1228. In one embodiment, photoluminescent spots 1218 and 1238 are 
configured to emit green light when impinged by an excitation beam 1214. The 
elevation and azimuth angles 1207, 1304 may be referred to as the green 
excitation coordinates. As with the red excitation coordinates discussed above, 

10 the angles may vary with position and may be accommodated in various ways. 
[0095] Blue excitation beams and photoluminescent emission spots (not 

shown in Figure 12) may have similar structure and operational considerations. 
[0096] With reference to Figure 13, an arrangement of photoluminescent 

elements is shown in the plane of a photoluminescent display screen 1201, 

15 according to an embodiment. In one embodiment, a pixel 1312 comprises three 
different colored photoluminescent materials. A first photoluminescent material 
spot 1210 is illustrated. An opening in a shadow mask is indicated at 1204a. The 
opening 1204a has an angle c|> R , indicated at 1302. 
[0097] A second photoluminescent spot 1218 is illustrated on the 

20 photoluminescent display screen 1201 . An opening in a shadow mask is 

indicated at 1214a, the opening 1214a making an azimuth angle Og 1214a. 
[0098] A third photoluminescent material 1306 is illustrated on the 

. substrate surface 1203. An opening in a shadow mask is indicated at 1316, the 
opening 1316 making an azimuth angle 0 B 1314. Together, the 

r 

25 photoluminescent materials 1210, 1218, and 1306 are illuminated by separate 
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beams of light incident upon the shadow mask at angles selected to permit the 
beams of light to pass through the openings. While the incident beams shown in 
Figures 12-14 are shown having both individual azimuth angles and individual 
elevations, a similar effect may be achieved may keeping one of the azimuth and 
5 elevation angles constant and varying the other of the azimuth and elevation 
angles. 

[0099] Figure 14 is a diagram of a photoluminescent display 1401 

including excitation light beam sources and scanning system 1408 and a 
photoluminescent display screen 1201 , according to an embodiment. A first light 
10 source 502, 902 emits light 1412a at an excitation wavelength and is scanned by 
a scanning assembly 512 to create a scanned beam 1412b. The scanned beam 
1412b is reflected from a turning mirror 1414 to create a scanned incident light 
beam 1204 that selectively illuminates the photoluminescent screen 1201 and the 
shadow mask at selected azimuth and elevation angles 1302 and 1206, 

15 respectively. As described above, directional apertures in the shadow mask are 
positioned to permit the scanned beam 1204 to illuminate corresponding 
photoluminescent spots disposed beneath the apertures. The light source 502, 
902 may be at a wavelength selected to excite corresponding photoluminescent 
spots configured to emit red light. As shorthand, one may refer to the light source 

20 502, 902 as the red excitation light source, or even simply the red light source, 
however the actual wavelength of the beam, according to the illustrated 
embodiment, is not red but rather is a shorter or longer wavelength that is 
converted to red emissions by the corresponding photoluminescent materials. 
[00100] A second light source 504, 912 emits a beam of light 1422a at an 

25 excitation wavelength. The beam 1422 impinges on a scanning assembly 512 
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and is scanned thereby to create a scanned beam 1422b. The scanned beam 
1422b is reflected by a turning mirror 1424 to form a scanned incident excitation 
beam 1214 that illuminates the photoluminescent display screen 1201 and the 
shadow mask at azimuth and elevation angles 1304, 1207 corresponding to the 
5 excitation of green emitting photoluminescent spots. Additional light sources and 
turning mirrors may be added as needed to provide a color display according to 
various embodiments of the invention. 

[00101] Referring back to Figure 12, a partially reflective material 702 may 
be included in the system to reflect photoluminescently emitted light toward a 

10 viewing area. Such a material may operate and be constructed similarly to the 
description corresponding to Figures 6 (where the material is referenced as 614) 
and 7. Various positions are possible. A location between the shadow mask and 
the array of photoluminescent spots as shown may provide for relatively high 
gain, manufacturability, etc. While the structure of the photoluminescent panel 

15 1201 in Figure 12 is illustrated as comprising separate structures, the substrate 
1203 (with photoluminescent spots residing thereon), optional selective reflector 
702, and shadow mask 1202 may be constructed substantially monolithically, in 
other words, as an integrated panel assembly. 

[00102] In one embodiment, multiple scanners may be used to provide 
20 diversity of arrival angles for the beams of light incident upon a shadow mask. In 
another embodiment, multiple scanners may be used with turning mirrors to direct 
the beams of light to the shadow mask. While the turning mirrors 1414 and 1424 
are shown as being relatively small relative to the extent of the photoluminescent 
display screen 1201 , they may and generally should be increased in size 
25 sufficiently to allow the beams to have sufficient scanning distance to illuminate 
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the entire photolumihescent panel. According to some embodiments, segmented 
turning mirrors may be used to create a particular incidence angle across a 
certain scan angle and another particular incidence angle across another scan 
angle. Such an approach may be used to allow a single light source to provide 
5 excitation energy for a plurality of color channels (providing the wavelength is or 
may be tuned to remain consistent with the absorption profiles of the various 
photoluminescent systems). 

[00103] In various embodiments, the wavelength conversion techniques 
described herein provide improved display resolution. For example, if green light 

10 at approximately 550 nanometers is generated by scanning violet light at 

approximately 41 0 nanometers, the ratio of the wavelengths is 1 .34. A flat scan 
mirror which would have yielded a pixel count of 800 pixels per line now has a 
pixel count of 1073 pixels. The "mega pixel" rating of the display is proportional to 
the square of the linear improvement. Therefore, by using violet to address the 

15 display screen, the resolution or "mega pixel" rating may be improved by a factor 
of 1 .8. 

[00104] Although the invention has been described herein by way of 
exemplary embodiments, variations in the structures and methods described 
herein may be made without departing from the spirit and scope of the invention. 

20 For example, the positioning of the various components may be varied. For 
example, the excitation light sources may be positioned to provide a front- 
projection or a rear-projection photoluminescent display. Moreover, embodiments 
may use raster scan patterns as is common to video displays, bidirection raster 
scan patters, "stroke" or "calligraphic" vector scan patterns, or other scan patterns 

25 according to the application. Further, although the input signal is described as 
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coming from an electronic controller or predetermined image input, one skilled in 
the art will recognize that a portable video camera (alone or combined with the 
electronic controller) may provide the image signal. This configuration would be 
particularly useful in simulation environments involving a large number of 
5 participants, since each participant's video camera could provide an image input 
locally, thereby reducing the complexity of the control system. 
[00105] While embodiments have been described relatively generically, 
various specific applications are contemplated. For example, a photoluminescent 
display panel may form a viewable portion of a display similar to LCD, CRT, and 

10 other panel and tube display technologies. Additionally or alternatively, systems 
described herein may be used in the construction and operation of projection 
display systems wherein the photoluminescent screen or panel itself is not viewed 
directly, but rather light emitted by the photoluminescent panel is projected to 
provide a viewable display in another form. For example, a photoluminescent 

15 panel may fill the roll of an exit pupil expander in a projection display system 

operable as a near-eye or head-mounted display (HMD). The photolumienscent 
panel may similarly provide an image source for rays of light that are projected to 
an "eye box" or viewing region, such as in a heads-up-display (HUD). 
[00106] While the description herein has tended to focus specifically on 

20 photoluminescent wavelength conversion, embodiments are contemplated that 
combine visible light beams of light with photoluminescently converted beams of 
light. Some discussion of mixed systems is presented above in conjunction with 
discussion related to Figure 2. But it is also within the scope to replace one or 
more excitation light beams with viewable beams in other embodiments. For 

25 example, referring to Figure 6, the light beams 610 and/or 618 may be 
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accompanied by other light beams at visible wavelengths that impinge upon and 
are diffused by the screen 601 . According to some embodiments, the diffused 
light intensity pattern (e.g. hemispherical or Lambertian light scattering) may be 
matched to photoluminescent emission intensity pattern to provide a desired color 
5 balance across viewing angles. Similarly, one or more of the beams 1204, 1214 
may be provided at a desired viewing wavelength and the corresponding 
"photoluminescent" spot 1210, 1218 replaced with a diffusing spot, diffractive 
spot, ordered array refracting spot, etc. configured to broaden the transmission 
angle of the incident light beam transmitted through the substrate 1203, rather 

1 0 than wavelength convert the incident light beam. 

[00107] For purposes of discussing and ease of understanding 
embodiments have been described in specific terms. Those of skill in the art will 
recognize that the invention is not limited to the embodiments described, but can 
be practiced with modification and alteration within the spirit and scope of the 

15 appended claims. 
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CLAIMS 

What is claimed is : 

1 . A method for displaying an image comprising: 
generating a first modulated and scanned excitation beam; 

5 generating a second modulated and scanned excitation beam; 

impinging the first and second modulated and scanned excitation beams 
onto a photoluminescent screen; and 

responsively converting the wavelengths of the first and second excitation 
beams into different corresponding third and fourth visible wavelength 
10 photoluminescent emissions in a manner configured to substantially prevent 
cross-talk; 

wherein preventing cross-talk comprises preventing the first modulated and 
scanned excitation beam from stimulating photoluminescent emissions at the 
fourth visible wavelength and preventing the second modulated and scanned 
1 5 excitation beam from stimulating photoluminescent emissions at the third visible 
wavelength. 

2. The method of claim 1 wherein substantially preventing cross-talk 
comprises generating the first excitation beam at a first wavelength corresponding 
to the absorption spectrum of a first photoluminescent system configured to 

20 responsively emit light at the third visible wavelength, and generating the second 
excitation beam at a second wavelength corresponding to the absorption 
spectrum of a second photoluminescent system configured to responsively emit 
light at the fourth visible wavelength; 

and wherein the first wavelength does not correspond to the absorption 

25 spectrum of the second photoluminescent system and the second wavelength 
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does not correspond to the absorption spectrum of the first photoluminescent 
system. 

3. The method of claim 2 wherein the stimulation of the first and second 
photoluminescent systems occurs in separate layers of the photoluminescent 

5 screen. 

4. The method of claim 2 wherein the stimulation of the first and second 
photoluminescent systems occurs in separate respective first and second layers 
of the photoluminescent screen and wherein a selectively reflective layer 
substantially prevents excitation light at the first wavelength from penetrating to 

1 0 the second layer. 

5. The method of claim 2 wherein the stimulation of the first and second 
photoluminescent systems occurs in separate respective first and second layers 
of the photoluminescent screen and wherein a selectively reflective layer 
substantially reflects excitation light at the first wavelength back through the first 

1 5 layer. 

6. The method of claim 1 wherein substantially preventing cross-talk further 
comprises: 

impinging the first modulated and scanned excitation beam onto the 
photoluminescent screen at a first angle; and 
20 impinging the second modulated and scanned excitation beam onto the 

photoluminescent screen at a second angle. 

7. The method of claim 6 wherein the photoluminescent screen comprises a 
shadow mask configured to pass the beam of impinging light at the first angle to 
illuminate a first photoluminescent system configured to responsively emit light at 
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the third visible wavelength and to block the beam of impinging light at the second 
angle from illuminating the first photoluminescent system. 
8. The method of claim 1 further comprising reflecting a portion of the third 
and fourth visible wavelength photoluminescent emission toward a viewing region. 
5 9. The method of claim 1 further comprising preventing excitation light from 
reaching a viewer. 

10. An electronic display comprising; 

a plurality of light sources operable to selectively emit a corresponding 
plurality of beams of excitation light; 
10 a beam scanning apparatus aligned to receive the plurality of beams of 

excitation light and scan the plurality of beams of excitation light; 

a layered photoluminescent display screen having layers of 
photoluminescent material, aligned to receive the scanned plurality of beams of 
excitation light and configured to allow only one of the plurality of beams of 
15 excitation light to reach a corresponding layer of photoluminescent material. 

1 1 . The electronic display of claim 1 0 wherein the plurality of beams of 
excitation light are at different wavelengths and wherein the layered 
photoluminescent display screen includes wavelength-selective reflective layers 
configured to pass or reflect excitation light depending upon wavelength. 

20 12. The electronic display of claim 10 wherein the plurality of beams of 
excitation light are at different wavelengths and wherein the layered 
photoluminescent display screen includes wavelength-selective reflective layers 
arranged between the layers of photoluminescent material, the wavelength- 
selective reflective layers being configured to pass or reflect excitation light 

25 depending upon wavelength. 
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13. The electronic display of claim 10 wherein the layered photoluminescent 
display screen comprises a wavelength-selective reflective layer configured to 
pass light at the wavelengths of the excitation light and reflect light at the 
wavelengths of light emitted by the layers of photoluminescent material. 
5 14. The electronic display of claim 10 wherein the layered photoluminescent 
display screen comprises a wavelength-selective reflective layer configured to 
reflect light at the wavelengths of the excitation light and pass light at the 
wavelengths of light emitted by the layers of the photoluminescent material. 

15. A photoluminescent video display comprising: 

10 an excitation beam scanning system operable to scan at least one 

excitation beam onto a field of view at a plurality of selected angles; 

a photoluminescent display screen aligned with the field of view and 
configured to pass excitation light at a first angle to reach a first plurality of 
photoluminescent spots and pass excitation light at a second angle to reach a 

15 second plurality of photoluminescent spots. 

16. The photoluminescent video display of claim 15 wherein the excitation 
beam scanning system comprises a plurality of excitation light sources. 

17. The photoluminescent video display of claim 1 5 wherein the excitation 
beam scanning system comprises a plurality of turning mirrors configured to 

20 impart the plurality of selected angles upon the scanned excitation beam. 

1 8. The photoluminescent video display of claim 1 5 wherein the 
photoluminescent display screen comprises a shadow mask having a plurality of 
apertures configured to selectively pass the excitation light depending on the 
angle of the received excitation light beam. 
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19. The photoluminescent video display of claim 1 5 wherein the 
photoluminescent display screen comprises a layer of reflective material 
configured to pass light corresponding to a wavelength of the excitation beam and 
to reflect light corresponding to a photoluminescently emitted wavelength. 
5 20. The photoluminescent video display of claim 15 wherein the 

photoluminescent display screen comprises a layer of reflective material 
configured to reflect light corresponding to a wavelength of the excitation beam 
and to pass light corresponding to a photoluminescently emitted wavelength. 
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scanning direction with a laser beam 2 of 
ultraviolet rays from a GaN laser diode, and 
the red fluorescent body 8, the green 
fluorescent body 9, and the blue fluorescent 
body 10 are excited for emitting red, green, 
and blue colors, thus performing color display. 
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Abstract of JP2006323391 

PROBLEM TO BE SOLVED: To provide a 
display system which uses a solid-state laser for 
exciting appropriate phosphor and emits light. 
SOLUTION: The display system (100, 300, 700, 
800, 900, 910) includes a display screen (115) 
having a phosphor that emits light of wavelength 
range of about 450 nm to about 650 nm, when 
the phosphor is excited by a laser beam. The 

laser beam is generated by a solid-state laser i» 
(105), having an operating wavelength range of .' 
about 330 nm to about 440 nm. 
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8 3 3 0 n m ~ 8 4 4 0 n m © Wi \f & ft SS H tC *S » § $ 1 0»f^SSOU-ife-A% 
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nu ,!E 35 1 © 1 « f* If 7 tf 7 -tr ^ ± ic ^ fc § «t 9 K V - ^ If - A ft M <9 , fOSlfclT 
tu IB ^ 1 © It ft I* if 7* If 7 -fe )\/ ft 8 4 5 0 n m ~ 8 6 5 0 n m © \& S IE H IC If 5 ^ 1 © 
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T- 1 -5 4 l £ ti: © & fig ffl $ ft , s&£tfe»«£©£<0ffl8£*fflS?fcS£:i:tffc*^"C 20 
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b * ffl ^ T > fVX-/b^X^ 'J-yJi'x^^I^Wtlotl^o MEMSgiii, 

ffl ^ © ^ - v > ^ g g ffl $ n r 0 , is ft © ^ w a , r v m ffl fs. © & r> % n m ft 
?itis^< o © ffl ii 43 ^ t e a c t ^§ c fc ft iy iit^So 
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LU [Si ic t> tc o T W JS f S SP o n p tSto 
[00 1 3 ] 

^^wiCcfcss^w^fifi^fiKi, }i « ft it ye ft * a & l t ye £ m & t % rc #> k. @ ft u - 
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[ 0 0 2 2 ] 

>t (* H « , # tf ^ -t ;l/ AH> < -o ^ cd +J- 7 If ^ -tr ;!/ * ^ ty iB ^ fb * ft ft ^ $ - > \c M fiJc 
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Abstract of JP21 99975 
PURPOSETo improve the brightness of the 
screen by arranging a rear plate transmitting 
an ultraviolet ray but reflecting a visual light 
onto a fluorescent substance coated face of a 
screen of a display device of fluorescent 
substance stimulation type having a large 
screen such as 60 inches or over. 
CONSTITUTION:A rear plate 32 transmitting 
an ultraviolet ray 20 and reflecting a visual light 
26 is arranged on a phosphor coated face of a 
screen 25. Thus, the visual light radiating 
toward the rear plate 32 among visual lights 
radiating from phosphors 29R, 29G and 29B 
by stimulation of an ultraviolet ray laser beam 
20 is reflected in the rear plate 32 in the 
direction of a base 27. Then the light transmits 
through the base 27 and radiates externally. 
Thus, even when the input power to laser light 
sources 13,15,18 and 1 9 and the laser power 
of the ultraviolet ray laser beam 20 are the 
same as those of a conventional device, the 
brightness of the screen 25 is twice that of the 
conventional device. 
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Abstract of JP2001210122 

PROBLEM TO BE SOLVED: To provide a 
video display device which prevent a moving 
picture from blurring and to provide its related 
apparatuses. SOLUTION: A backlight 16 is 
arranged on a backface of a video display 
device 21 . A light guide plate 14 which 
constitutes the backlight 16 is comprised of a 
plurality of blocks. A white LED 11 or R, G or B 
LED is arranged at the end of the light guide 
plate 14. This white LED turns on solely or as 
a group of plurality of them, and positions of 
the white LED to turn on are scanned in 
synchronism with positions of the video display 
device 21 to write into an image. When re- 
writing all pixel rows of the video display 
device 21 , the white LEDs 1 1 that are located 
at the re-written pixel rows turn on after a 
predetermined time has passed, and an image 
is displayed. 
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Bfrtax h?^;/^©m«©tM^*aT*$?< , xtsb-c 
i£v n r £ £ 1-3 figMgjto 

[§9*12 1] vhJy^^OtS^fSSlO 

a«£, 

*ffim*?r#i- 5 $ 2 ©as £ , 

Sfjia-r h y ^^©m*£ful2*ffiS*£©[f5K:«» 

miia-r b y s> ^ ^©nsco^f $ (4, frfan 1 ©*s 

[W^il 2 2 ] «8<Bj&tf«#&#1-5ffiiJl!S*fc:fc 
r£^#a£1-5M0J^B„ 

HfJlBx h 7°^©^T«*£ l^«c*fcttfi«^© 1 © 

^ -/v K-Ctt, iSM g ©^ h y 4 7°^©^;*rffi 
«^*T-f-SX©£, 

ffiicy w - A- Kt?tt, «# B © ^ h 5 7°^©^ ftm 
©.P»*?i„ 

[ft*II 2 5 ] «»©*«t^fij $ nfcB««^« 
Sr#t" 5 j^BB^^A- £ s 

»©ffi*ic:^f 'J S ti/fc AJTfWftSrW-r 5 HHM»« £ ^ 
^«-T5 * £ S:«NS £ 5 S*«fg^« 0 

2 6 ] Mf&K 2 5 ta*©B*^^SBSrfflV^ 

fcWr^^SB©igS)^?£f &o r , 

FJfS©^ 1 ©7 -/v Kt?tt*R# S (-ttE-rS^^TlB 
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mem iny^-;v vxmmm @ \mw.i-&&ttmw, 

^*B#7- y i- J; i) , $ ^rffi»i«) 

mmm 2 s ] mmm 2 5 tE*»f^ig^g^fflv^ 
wiRimffi^^^ixfcff 2 costs t , 

HtflESB 1 ©S« t IB 2 oSSRIKiRft $ ^fcJKftS t % 
b, 

y wmm z #-r 5 m 1 © s« t , 

m^xxim 2 <nmm h7>-^^ift, 

tfifsajs«s^(-iaB$ti/t^ 1 mi -^ist , 
WfEBsg«*ra i-e* tstitz-Wi 2 co y- b ft -^-n t , 
tfifsy-^ft-^ists*^f -^-^TOp-rs y-* K?y^ 

S? 1 coy- bff#i»t^-^7«ESrWJP-t-5Sf 1 ®y 

ig 2 coy- us tittyt7ffi^9Jpt5f 2 coy 



ffifB^ 1 co#si h 7 v-v 5 ^ y »^-co y-^ffl^-tiButay 

tfjia^ 1 co#flf h 7 y *^-co f u~f >w tenwa 
BSSf«SS-SM£^ 

tfjiafg 2 co#n h 7 >-y* y nt^-coy- b^\mm, 
atriBis 2 co^ai h 7 y *^co y-^s^-teiutey 

StrlHfft 2 co^K h 7 ^v 5 * y Hf^-co K wy viffi^-teffffE 
■KlSffi^gSK $ ix-C v ^ 5 r t t -t- 5 tfc*^/* 

[If *il 3 4 ] If 3 3 fBacoSJjJt^/^v^ 
v^fc?ft H B^^^/KO,IESi^-S"efeo 

^ft-^-coyy v^^yfflHi-Hfiwam 2 co#ji h 7 y 

^teft-^coy-yffl^^iiMtam 1 h ?y^? 
m7-%*>-wmicirz>T.nb %wz.6 r t sr^tt-rs 

[If *II 3 5] Tf!)^ 7^i^iag$tifcB*«S 

mjiaB*«*!-'(f-^?rOT-r5m 1 cO*|f F?^^ 

1^*3 iu 5 ^ 2 co^k h 7 y-y^. y ^ b , 
WCW*«ffiM tiBHSixfc y-^it^-is t . 
WCW**ffiMtiB1I$ixfc* l «y- hff^-Hi:, 

b, 

hijibh i coy- biB^mcj-yys-ymm&mvtz^ 1 
coy-b Kyy^i, 

tfjiaM2coy- hft-§i»^^-y^-y«E*^»i-sie2 
coy- b Kyy/^i^jniL, 

lcoy-Mf^!-^^^ 

Kriafg i <DMm v y y ^©y-^js^-ttuey 

ffjE^ i h 7 y-y^ y i^^-co k wy vss^-ttME 
B^mffii-ffi^^rL, 

tfriam 2 cosn h 7 y~y^y ig^-coy- bs^-tttfrta^ 

2coy-bm#is^«M^ix, 

tutaii 2 co^si h y ^ -y^ y js^-co y-7ST-t±mrfa* 

itrtam 2 cossi h y y ~y^ y m^<o k yy ysy-ttSfrtB 
[W*^3 6] Thy 5/y7^(ciag$tifcB**s 
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$mmmmu\zm%-%WM-t&M 1 ©#m h y 
m?&£xfm 2 <DMm hyyvxtm^t, 

m i © y-*{i^i»milHf ^£Mp-f i ©y-* 
12© y-^ii^{ctt#jf^SrPpjpi-5B 2 ©y-* 

& i ©y- bit ^m^yzt-ymmzmn-tzm i ©y 
i2©y- bit ^m^>3-7mi±$:mn-f?>m2 <d? 
ifiteig i o*jg h 5 >>>;*y »^-©y- hffimiifrfaig 

ifjfeig i ©#n h 5 y nt^ © y-^ST-i±HfrfB|g 

1 ©y-^fi^iH^M^ 

mm i ©*g h y yv* y m*<o ^sm^ie 

2 ©y- b«-f«ts8»sn, 

ftJgBB 2 ©»flg h 7 ^-^^ y ^T-© y-^iffi^i4«II5ig 
fusE^ 2 ©»flg h y y ^© K W vJSB-ftiriE 

[it*ii 3 7 ] mmt^^-t s , Bffi©¥^iwa, 

ft*»S, */MM£© 5 < 1 1> l owffffix-y 
lcS<3t, ffifi*^^/M£MPt-3^&ff^©:&*>_t 

ifjfaB*«ff^-©*-rs, iuffi©¥*sffs, ft 

/Mitt© 5 *>4»ft <ttl orogSf-^Cl-J? . fig 

mmm^mi-^m^^i-^m 2 ©ag^s^st 
[»*S3 8i m^mmt, 

jiagpii^y ~yy ^^nrnz^mimt Lxhyy^y- 

[lf*>S3 9] 3t§§£#J§:i, 
iijfafKH^^/v©^iif#Srfji;^:Lr«S#(i^x. 



5 i 5 t-t- 5 ^ > x t £jwt-r 5 r t twm t -r 5 

[fiMSS 4 1 ] ?«ff B ^*/^^/V t , 

raaMfc©jSw»tft, 

ffjfaaisa&t tufa«H a B^^;v©^iifffi t 
r ^ y y° y >-^-r 5 1 srjyi-f 5 r t & 

Ii*«4 2] m©£«t, 

fjiem 1 ©sts t ^ 2 ©ss t <d m ^mt $ tiitm&m 

tftA#L, 

HfjiBH 1 ©Ste©sfita-v-r y n i/yxr w-f ^bbb$^ 
fcffit. HfifeH2©s«©Hfrtaa»^«$tifcffii:^ 

[If 4 3 ] ^ t , 

tfjiBfc B B^*^-tvv©7t Altffii-iag ^ tifcy" y /as 

iftA#L, 

tijiBy y x A&tt, Kria?sft^/v©ffi*iRi t ats-r 5 

WE»l«)aw^ny^©3feWWffi}!:E*5*xfc, <£ 
t) ? «©ll2©SBjy'n ^y 

[it*ii 4 5 ] mim 4 4 ta«©aHP^sE t , 

HfJia«Bl^^/^^/v©^H^^fc^:br«l«#(c|lx. 
[»*fl4 6] M$?t, 

< $o ; ^©B2©aH^y'p y7t, 

ffiGffi 1 ©Si^p y^©-ffiKEfi$ixfcSltffl©S 

[If *II 4 7 ] g»i®t/T/^* t , 

«riEsws©**^/v©3tA*fffi^ia*$nfcSiKy' 
n y t , 
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im&m 4 8 ] m&m 9 *fct± 2 2 i-fBftwfiwgB 
[»*Ji4 9 ] ff*ii 10,12 4/cf4 3 7 i^iaacD 

£Xf/ & fetter- ?Zn&mLtz, avfcTa-^irj; U iJt 

[ft*3S 5 0 ] fjt*ES 11, 13, 17, 24, 26 

-2 9©v^-fn^fciaaroist«a^$iBoffift*ifeo± 

K X <9 mft£l£Z>tz#><Dy°v ify tz.\Srf— 
[ft*3l 5 1 ] ft sftJl 3 4 JC|E«©Stfi*^y<^/KO 

=■ >• f 3. - # } c i <o $ * 3 t. a co 7° p ? 9 a & i n 
[0001] 

S*SB, jtKS-efcSAta-Cb^^BflfeSr**-?** 

[0002] 

[0 0 0 3] 

£S*£i±3£, B#»Sl>t/)Sfe£>frti5, rcoSt> 
t£», /tir^tffi/^s/^Bffi^ev^'-/^5»< £, 

[0 0 0 4] ®B#>^3rf 51g0»A§ < fc>StT 2 

-M^^Yr-fy^ (TN) ir*> 
fe^fjB^W CSiI*aS0%7>b*A£rl 0 0 % £ LT 9 
0%m&3©fcH-f 5R#M) £St*)T^?)^H (*AS 
ii^l 0 0%^e> 1 0%COSii*(-^C2>COl-S-r5B* 



9 mffl%l&gmfflfob VfJS) (i50~80msec 
[0 0 0 5] jSgffSKtfSjgvWB^- Kt>$>5„ ^fta 

[0 0 0 6] fg2#BOjg>Bi4, #H*»Sii#j^7^ 

-;v f & 5 ^ » 7 1/- a ^ mm r°mt-t a r £ -e fe 5 „ 

fc£;cii, fc5H*»Sii*ttmi'»7^-/vK (7 1/ 

w-a) rr£^B*me©W4i4#t^x.e>fbKi,Ji» 

£^-ft:LTV^5 J; 5 i^JILx., ftB*'7-^^5„ 

[0007] ^mimwr*feimmi-m$frfr&m 
* r*©^f w & y 4 —;v Yfo 5 v^ii7 1/— a £ up^„ 

[0 0 0 8] CRT4i'©tggIll ^3fefrffi^*^ 
gET*^L-CB^^**1-5„ ^-cD/cfe, iyj-/VY 

(i^w-a) ©fflrpgl-^3v^T, ^-B*t4/i s e c^-- 

[0 0 0 9] (71/- A) CDWW, 0*1? 

RroajtWttir.tS'bro-efcSo 049, CRT-ess, 
^H^iilS£/^£roBfM^a**-t?, /i s e c<Dir-¥ 
—<DV$Wz.tZtf MS (Mm) $^^"CV^?) 0 ^cocrtco 
^^Htt»B^^A&C-r5 0 iI£A,£©B^W^S 

-/VFOffl^, B#£r*»L-T^5f;:&, »B*>Srl§ 
[0 0 10] *ISM«:£JUiOJ;5*RjBtjE*TJ&Sn 

^tt-r5i£^B6<]£1-5„ 
[0 0 1 1 ] 

*>\£* *mw\x, y^>^(D^m^m.b, mm^m^ 

3t*^#S * It \zm&T&%: 0^ f "C 0te $ * 5 

*3t«£ £=jyrr a n £ b-rzm.mmw.-vbz. 

[0012] Sfc, ffico^lSSJii, J»3t«£, MfS*7t 
h y s/^^^i-gBE^*xf-) l fi|g^©£, Mia 
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[0 0 13] Sfc, ffi©*?^*, ttl:©«3tfr*fci± 

iiioaawi fc mm £ aT^as^a 

f^&i&JMlU flaiyiSB^&B:, 

S 3iBtS^ 3£g LTlBg S *iT«jS £ JVC V n 6 r. £ £ 

[0 0 14] £tc, ft!i©*3§il«, itfM©*3SBJ©J?PJi 

[0015] ffi«**pjn, h y y^^tti:pg 
Hfcg? 2 ©s« £ , tfrta^ i <dw& £ n 2 ©s« £ © m 

ictt^^Hfc^^S £ £Jllf U SflfBS 1 ©£«©BLifB 
^ ^ at /b tin £ ^^^f [r] L'Xr v ^ § ^ £ ^r^ftift £ -^hb^^ 

[0 0 16] ifc, h y y^^CDfl 

a^ffM^fcf? i ©*«£ , tdtanafis^jfM^tifc^ 

fitcW,2<Dmmt, lfffBBi©ffl££B2©£&£©5i1 
KmtfZtitcWi&mbZMffiU 1WIE* 1 ©S*©«ilE 
HgBflS^&ftfcffl £ , tfifBB 2 ©S*©lff!EiIi^7^ 

[0 0 17] fii©#3giJm±, ytmmi<Dh6Wii 
©S«££rjytu flUsssiw&KK^by ^ 

5 = '7^^W1-5^S*lf?r?fM1-5^2coXgi, Iff 

x@£, ifjfaSicosSirffifs^2cos«icop B ! 5^r*^ 
$ * 5 H 4 ©Ig £ £ff *.fc r £ £ -t 

[0 0 18] ftfe.©*^^ -7FPy7^|;f!l 

Jy^Hly^i, BfraHflS 1 ©SSicffM £fr/ctt 
TJP^xVf^, v b y s/^x^tB*^M$tbfc® 
2 £ , iufEttTJR ^^fVtt ffrta® £ Srffi 

m-r^mwmb, unasi 2 ©*Rfc©m»!: 

W^feS^Jf £ SrAffl U MIS® 1 ©S*©lfriB[M] 

fta* * ttfcffi t , tfftam 2 ©s«© Bfrtapfig^^ 
$ ttfcffi i tmm lt v > 5 r b t -r 5Mi*^ 



[0019] sfc, f&©**sji4, m^^mmKb-, m 

2©#*K£, Sfltam2©jS3fe«(-3fe]ftSrA^-r5^2 

©iS3t#s £ , sfitBH 1 (Dffltt&ts i. xmmm 2 <om 
R^wt<D*>*7mm-tm\m^Wib*^m-tz>^b 
b -r zmwmm x°h s 0 

[0020] Sfc, IBlo*3feEt, iff 

2«>m%fiLt. wmm2<Dm^m^M&A^-r^m2 

©5S*^S t , IfrlBH 1 K>3S3fe^a*5 itfflfHE^ 2 
%^Wt<D^sir7Z:mW-?Z>mW3 L WLb, IfflEBi©^ 

[0 0 2 1 ] Sfc, ftil©*|SSJi4, *ISI3J!©!*#S^S 
^*x.rv^sH2©u#r B f 1'e(±, MfHJ^wfS^jg^ 

*rf 5 xe t %m x. fc r t t -r & mmm^mm<D 
mmjjmxhZo 

[0022] sfc, te©*i&B^i4, sfjfetEt, fna*3t 
«©±sa tciag* fc iiffM ztitcm 1 ©«*^ t , 

t , mmm 1 ©as^ae i emeus 2 ©^*^s 

[0 0 2 3] Sfc, te©#3§BJ}i, *^?^©ift#^S 

B^fflv^fc^«^iSfi©lEft*ffiT*fooT, 
/N^/vcoilffi<Z)#g:*x.TV^5^ 1 ©B#ffi-?}4, IfrlB^ 
1 *3 ZXfifg 2 ©|&7t¥SSr^-7^(c-r5^-7XSi: . 

14, ltflS^l*fci4^2©%*^§r^-y^ffi^1-5^- 
viet^ix., mJfB^xefcfc^Tte, ffftasi© 

[0 0 2 4] ftb©*^BJ!4, ^h7^^rotS 

^-rsm 1 ©r«ffB**/^/ui:, SMi^S^f 5H2 
©igtf B ^*/^7t' i: , ItftBB 1 ©RBBSS^^k ME 

&ftflH-5 n fc Sr!|t®fc-r5S*«lS^SB-t?fc5o 
[0 0 2 5] Sfc, ffi©*|SSJi4, ^ b7-f^©«S 

%ii-r?>mi ©sigfc, a*«s5r*-r5^2cos« 

fc, *f^m«©«fg5r*-r5m3©SSfc, flfflB^h? 

4 -f^Dwrn fc iffta^ 3 ©is t ©k imm $ tifcs^ 

* £ £ Sr*-T 5 if 1 ©?S AS £ , ffrfBH**S 

£ frian 3 ©«s £ © m ^n±m2 ©«s,s £ £ 
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[0 0 2 6] te©#3&BHB\ ^h7-T^©^S 

Sr*-r5mi ©*Kfc, HiiS*£r*-r5!g2©Ste 
#ft««©$tg£r*-f 5fg3©««i, iute^hy 

^ -Tytomm t tstmm 3 ©ss t © w tcsa* $ ^fc 

t «h b b^^- t & w-r 5 jf$ 1 ©«ss t , tffta®*«ffi 
t Mian 3 ©m* t cd m $ tifcB 2 ©Mas t , 
tufas? 1 ©s««(-ia« $ *ifc^ ??7-f Ft> gnan 

3ff«ffiteWfeW^SrBWPi-5^l<i0K5^^[HlKi:, iff 
IB^ b v-f ^©mtl^pidSJI^TOPl-S^ 2 © K7 

[0 0 2 7] {tfc©*3PJH, MsE©*^©*^ 

Tfe^tfrtB® 1 ©«H B H S{-AW-r5xm§rffix.fcr i: 
[0 0 2 8] Jjfc, ftb,©*^W}4, h D -y^tt©^ 

mza-tzm 1 ©sst, *ms ^w-rss 2 ©g« 
tfjia-T b y y ^^^©msttfi^iimstcoFFflir 
^**Lfc3t*flMi t * jwti-s r t srwrnt 1-5 raw 

[0 0 2 9] ffi©*^BJi4, fffffi«iiJi{4. ft 

^t«ii*fciiTN«il-?*8 r t Wtmh-t 
[0 0 3 0] fjfc, ffe©*^^ *Yy4y°ik<r>Wfc 

tufls-^f mj 2/^^^©mffit*uiE#a«ffit©Hi^ 

[0031] ft&©#3§§m±, h y ^^^^©« 
t, frta-v h y 5/^^^©sststifB*a*s<t©ni](c 

1«©^:t£t±, tflfa^iwSKw^^at-feSt.©^ 

[0 0 3 2] ffiro^fSMH:, »©^!tT««^# 

««rfflS'J^**r* fc»?WT$*5 n b lc£ <Q , 1 tfcrojS 

5„ 

[0 0 3 3] *fc, ffi©#3&91B\ ®.m<Dxh7'C7Vt 

<Dj&trmm%*crzmm$mt, mm* vy^y^M 

[0 0 3 4] 4fc, ffi©*ISIK{4, frM©*^©^ 



*7 4 ->v K-Cf±, g ©* h 5-f 

h ?-f ©£ff***jS*rf 5 TM b Srii *.fc £ b % 
[0 0 3 5] Sfc, ffi©*|SS^i4, »©««(i^»J$ 

[0 0 3 6] Sfc, ffi©3(s:^HJ}4, mr^©*«^©Bfe# 

S©H 1 ©7^ K-ett-gf&s g tteei-5^*r«« 
*vS*r-f - siit, «riafg 1 © 7 ^ - >v kt? g 
imm-fzmmmzm-tzxmb ^m^±r. t m 

[0 0 3 7] ftil©*ISSJi4, tfls!!©*|gl3J!©S*# 

^fti-sxm^«^fcrt^#mt-r5i*«^SE© 
[0038] s=fc, ffi©*^iB^i4, stra©*^^©^ 

[0 0 3 9] te©*|§0JiS, tti»©*^P/1©lft# 

^ 4: ^r#® t i"5 ^**S«©Ktb*ST'fe -So 
[0 0 4 0] Jjfc, ffi©*^SJH, vFpy^^CI 

2©S«i> flffB^l ©S«tttjfHS2©S^t©W(- 

«^$tifc«fr B s t , Huta*t^«a(c^pjffi^s^ 
[0041] £fc, te©^;|g0^i±, ^ h y y^^^icpf 

*^ffM^tLfcSI 1 ©SSt, (tjfaPiS©Bi^fT*lRli^ 
^2©S«i, Htjfa^l©S«t^2©S«Wl-*#$ 

[0042] f&©*iSBji4, -v h y y?xmzM 
fcistitcmmnmb, mmmmmm<Dmmnjymcwm 

*i\ti)9M&T&$. $ 2 ©S« b , SfifBS 1 ©£l£ b 

m 2 ©s«t ©wi!:gia^$nfc«A» b * ^m-tz> n t 

[0 0 4 3] £fc, ffi©^|SSJi4, -7 h y y^^Kl-Sa 

1 ©#SI h 7 v v 5 ^ ^ m^-io i. XIW, 2 ©#JS h y v 
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t , «nsH^««M tee $ titzW, i © y- h «-iHft 
t , sfjtaa»a*R5 tee £ axfcjg 2©^-f «-ih6 

7«£ESrR]iD-r5Sl2©y-h K7-r^tSr*<BU Iff 
©y- Mf ^fli-g^tK mftaB 1 ©MR h 9 y 

^*^-©y-^s^-ttttitsy-^{f^«(cg^$^ m 

IBf5 1 ©SSI F5^^ m*<?> K v~f v*^-i4WIBH 
UTRflfcgfiw;^ itffiBSI 2 ©sflf h y y^x^s^?-© 
bSTOitufBjR 2 ©y*- Mf ^Stcg^^ IfilE 
^2©»jfbyyv ; ^y*^©y-^ffi^i4MfBy-x 

[0 0 4 4] ffi©*l§IK(4, i!fM©*IPJ©?«Bl 

^/^^/^^ffiV^fci*:^^-'^^/^©,iliifI^-^fe-Cfeo 

r , swfeff #© y y y ^ y ysg m k mmm 2 © h y 

* « n k imtzm 1 © jw* h 5 > *s * 9 *&■ % *■ y km 
insist jiiR t sr^mt-rs^tfB^^/^^ 

[0045] *fc, tt©*^B^i4, -rhy -^y^t»tt-ia 

1 ©^Kb7y-yy^ig^i3=to ; ^2©^Sih7y^ 
£\ fulEH^«ffiPfllc:ie«$ixfcmi©y-hffi^ 

*trflBH*««MKeflis^fcfB 2 ©y- hft-^sn 

mm 1 ©y- hff^(-^-y^-y«j±^MP-r5m 1 © 
y-bKyV^t, ffifBIS2©y- Mf-^iis^y'^-y 

lE*Wt5f2©f-h K9-r^t«r*liU AWE 

H 1 ©SWf h y yy:*y #^-©y- bffiH^ffffBfS 1 © 
y-hff-ffcfcgs&Sft, tufBJS 1 ©*if byyy^y 
^©y-xS^-dtfrlBy-^ffl^n^s^^^ ffria 
% 1 ©#l« b y yy^y *T-© KW ^JS^mflMBWifS 

mst-sie^ mu^2<nnmvy>-^^^m^<Dy i 
- v^\mum2 ©y- h«^i»jcgaK§n, mibis 

2 ©sin b 7 ^y^y *^-© y-^s^»tfjE*aft^ 
HdSfe^ iiuBBSS2©*Kby y^mwhv 

[0046] ffi©*isi3J!{±, vhy yy^^t^sa 

1 ©#jg b y y v 5 ^ y nt^-io ± tjn 2 ©mk h y y -yx 
ypg^-t, ifjfBH*«Sll(-iag$tifc y-xft^ 

t , ffjfBHig«SPf§(-iaE$ ^fcH 1 ©y- hffi^ 



y-*fi^l£^Mi^£Mt-5Jgi©y-^ Vy-^f 

y-^ Ky-f^t, *ii{f^-H^{f^-^M-r5yiry 
hK7-T^t. Hl©y-hffiWc^-y^y«j±Srffl 
*P-t-SIBl©y-b by^i, f£2©y- 

:*-y^y«iE£M]-r5S?2©y-b Ky-f^fc£jyi 

U tfflE^iwSRbyy^y*^©^- bS^-titti 
1 ©y- bit ^SHcgn^ itriBiB 1 ©»M h y 
y^y*^-©y-^>g^-i4tfiismi ©y-xff^-Hic 
a^^^x, ttiiB^i©#aiby>'> J ^y*^-©Ki--^v 
ffi^-iituiaasms^s^^^ ttrts^ 2 ©»n h y y 

m&tis fii2^2©»jf hyy-y^y*?-©y-^*T- 

!4flf2^2©y-^m^-||tg^$|x, tfifB^2©}fJI 

by yy^ysS^-© yS^-(4HfrfBB*aS(-a^ 

[0047] *fc, te©**BJi±, s*«m-^©#-r5, 
liffi©5F*&#a, */M*S©5*>^*< fct> 

1 o©«g-r-y i-S<5# . ifta B B^/^/HC|5piPi-5 
8Wfeffi-^©Sc*>±^ ?) «E*s itWSKiSr bT^1-5» 1 © 

ft, **ffft, ft/J«© 5 h'Pte< t h 1 ooMSLf 
- y ir # , HSnSSd TOnf 5 «ff 5 B 2 

©SSfeS^^ t Sr*«1- 5 r. t Sr W« i: 1" 5 IBMfcS^ 

[0048] sfc, te©*5§^!4, m^mmt, mum 

•y^y^^^$^r*3i9, mmmztfy "y ] j ^y# 

[0049] sfc, te©*iS0^i±, Tfeis^st, -fy 
xy'w-ywyxt, mifa^^g/O^©*^^ 

[0 0 5 0] tt©*?SBJi4, Bt^©*IS9!©l*# 

[0 0 5 1] ffi©*|SSJi4, 
R TO©SBjaW t , fufSSSJ W SfiwaWfi,^/^ 

[0 0 5 2] Sfc, ffi©*|S0^i±, mi©S«t, 3o 
©H*^-Ilt Lra«W^SWffit^*-r5f5 2©S 

«<t. HfjfB^i ©ateffii-iae^tifc, ^^pwx 
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fitdm&m t & nit u wiBW, i <Dmm<Dmm^4 ? n 
uyx'Tu^frmuzntcmt, mwM 2 ©*te©tfrfE 
jfM $ jifcffi t as*n*i br v > 5 r t t -r 5 

[0 0 5 3] £fc, ffero^lBWf*, StS^^A-i;. 

df> y T'asj&fc £ ft-O * § c fc £#®c fc i-5*^fi-e 

[0 0 5 4] ffiro*36WH:, Jfc«>SltE«rWi-5 

^ 1 ©SBHr/ci y ^ t , ffifSm 1 ©SW^n y 9 
MffiCHaB^fc, < tSXl&<DW,2(Dm%7'uy? 

mimm-fn y 9 <Dmm^mmmm^ntc^m^t 

[0 0 5 5] £fc, Hfr»C0^^C0BgBJ 

[0056] ^fc, ftii<7)*f§Ejm4, isjt^t, ifriais 
1 nmm-fv y ^ t> ttjtaffm^-f 5/ 

:/£*^-CiHB§tlfc< ^tW©^ 2 ©it BJIr/n y 9 
fc, DfflB* 1 fflli^P y *©-ffifc:e*i*ftfcK*t3! 
©S*/^/u fc £ Jtlf 1" 5 £ i SrW* i: 1-* tr a - 7 7 

[0 0 5 7] fjfc, jfe©*^^ SH-aoDS^/^/w 

fc, itreswao«*^^©36AJWffii!:B»siifca 

g^/^/W^ AW-TS £ fc &«r« tt5k^-7r^V 
[0 0 5 8] fife©#3S§Uf;J:, flfrj£©*38K©J!BW 

fciix-^SrfSliLfc, ayfa-^ti 9^&t> «T 
[0 0 5 9] flb©3^fraH:, *ffi£©#38E©BMfe 

9 «rffifc Z. fc fc -f 5 7"d ^ 7 A!E«#:-T?& 5. 
[0 0 6 0] 3=fc, ffi©#?S?l3H:, BtM(D#mW(DWii» 

y Ado i xf/ * fc Six - 9 ft IE« L fc N = >- - 9 In 
i 5 iS* fc 5 £ i fc -T 5 7 n ^ 9 -AfB«£ 

[0 0 6 1] 4fc, ffi©*!^^ iffM©*!^©^ 



m^<^^<Dmmjfm<D±^xi-±~^(DXM<D±nxu 
-u © mff % =t > t° a. - 9 \z i 9 Htf $ * 5 * © 7 n 

[0 0 6 2] «±o±5**ISW«>ffiMS1tS)5V^B:* 

[0 0 6 3] ^*S©3iy^}4&feLEDftK i 9#ij- 
5o r»6feLEDii3~4*ft»^-t LXMJkMlZ 

/^;vcD#a*fT(-PPJp-f"5 (Blg*^©*JEft#§^ 

ir. *©iii3lff^*fJS-t-5»3fc*EWLEDft**rr*± 
[0 0 6 4] iffli5tLED0^^5 V^tMal 

hfl»e>3fc£HBItU a*ft«^-f5©T"fe5„ - 
T©«**t«4:IHI««)«**Mi!Js«a-Ct5. bfc^o 
[0 0 6 5] 

®% ic t. tz tt/*s ± tW8 ft^a C-T 5 * , fc 
(*/*5iU«jK^:ifi/hLfc®ff^&5o fctx.(i\ (0 5 
9) ©SltM^^Sg-eilMSfi (SR) f Jrf Hit 
v^5 0 W_h©r t«:£ATOiaffit*fLTt>ll^-efeSo 
4fc, ^-S-^-*fc(4, fe^£ttLfc«j5Ff}l, n-t> 

[0 0 6 6 ] ft*S, «-Effi^-efilKLfcrt««#iC»rl9 

5o fciill (Hi) ©flgKSHS: (09 3) 
KBi^i/^i t^Tt 5 L, (02 7) com^*^ 

t mi) (Dmmmumm&u^t>^tfcm^&u^m 
riw-s^tas-rta. (ai) ©Hg?a,Sfi£ (|g 

9 1) ©t'ft*^7fCIfflt5iH-i?#5. (El 
99) ©PBS871 (0100) ©^KBl'tt 

B#ft#figr^5„ 

[0 0 6 7] rwi^t^M^f^^Sti/Tv^ 
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b'XWM-f 5 - t (i^fg-? fc 5 b X to 5o 

[0068] Lfc^ot, w^m^^^x-mw^fc^- 

o*^SWciSfflT?f 5„ *fc, Pite&f^ft^ft© 

p'r^^y^^-e&o-cfcfll^-eta. #asw© 
T ft©*^g»;: fcSUB-ra n t ^-e £ 5 - f- ^ 5 $ 

[0 0 6 9] £*T, 0ffi^£#ffiLfr;4^*?gi3J©ic* 

SBtftov^tUHftaWL-cv^o (0 l ) Si*3PJ© 
ftSBH") 1 4 (±T^ y /H8ffll, *° U MfJJtft 

if © Gwmm & a v ^± # ? ^ $ ft a 0 

[0 0 7 0] m^tm^'&n, mi\Cio^X;<v?7<i 
M 6©ftffittffi{c:lEe£ft3, ii:«0^£ft&v^* 
/^/VO^Ct £tfc&£ft3/5\ -^tU-^PMSr^ 
ft < 1 1 3 »4 L < tt 8 *?^Ei±I^W LT*bf= 

^/U2 1 ©^^^©ijfttS-SrH (cm) b-fZbfc 
S;*WJE1-5 J: 5 Kii-5. 
[0 0 7 1 ] 

5 (cm) SH/nS2 0 (cm) (fRS; 1 ) 

8 (cm) ^H/ngl5 (cm) (Ife5$2) 

[0 0 7 2] (01) -Cte^S 140iy ^g&K 6fc 
LED1 l^©383£ilf^-£BflB-f 3 £ LT^a^-fti- 
PS/tf- 5 t ©T'iift < , 3fcK 1 4 r i {£#K©1&tt 
<ff (0**1*) SrBBBL-Tt iV\ EL/^y^7 

[0 0 7 3] H/naS/h$1-rSfc»3t^l l*fc!4 

ftfc< < ft3 0 

[0 0 7 4] S*/^^©^$g;rMWgc©8|i|©£ 
w (cm) t-tfii:, 2fcsCSri«J£$*5J;5J::«^-t-5 

[0 0 7 5] 

0. 0 7<W/ (H • n) ^0. 5 (*Sl3) 

$ b \mm l < £*a r t aw* lv\ 

[0 0 7 6] 

0. 1 0SW/ (H • n) SO. 3 5 (feS;4) 
ft*?, lliiLED^iU 1 4 1 &S)tf ^OM® 



V\ fci:x.if, LED 1 1 Sr P ft\Z]&J%tti 
t£9k%Mk &3 U *MK©*3fc1? 1 4 1 £g< -f ft«, 
j£4£©LEDiri£f£li:&3„ o| 9 1 1 Vt&W.<D%,MX 
fc!>, 1 4 1 l4M©»t*fc3„ ^©ffi3fellt4, K— 

i i 4 nmw©^tt^M£^;brm^3fclj--e& 

[0 0 7 7] SftWl 4 1 ftf^H^i:, ftft 

ffi*-5t©2o^fc5^ % mmmtt<Diiffmyt-tz>z-t 

#*fiT?*>5ff*LV\ fcfc'U ^^©fei^fca 
©T\ fc£1^ftWfcflEft3«M£^ = *-L, ifiSM 

^r-fe/ ^(cl~8%©**5r^JPLfc l b©Sr*f ttSfA 
-tar W3t^St45 0 fcfcTU **£r^ 

ft3 t A*Tfc*>&^ 5 B*P B 1^g< &3«p^T*3 0 *© 

[0 0 7 8] (01) 1C*JV^, *3t«l 4©SS5*R{Ctt 
6fe LED 1 1 dS&9#d-lb*VCV">6„ 6feLED!40 
Mft^ (ft) #*S»JS, IS^^^foTV^3 0 fi^LLED 
(012 3 (a) ) ICTjk-Ti. 5lc*iSI-^:fi«8 

0 5^5tt)#{te>ixTV5o ^tL(46fiLED 1 1 ©3K) 

[0 0 7 9] SfeLED!4^ni#©fia^i«<ft3i: 

1 L-CgtfR|g8 0 5l4f^j-C?fc5. ft*5, SfeLEDl 
1 ttSSMIEft^tT^ rt^W*LV\ fifeLE 
Dl l©?aS^^WL, *ftffl£*lfc? f -*fc:£<3#, & 
feLEDl 1 t^3m^iSr*JW-t5J:9ic#fiicLT 
fc<rMWSU\ fc^6A^, LED1 lii^/VXtt 

[0 0 8 0] LED 1 1 ©3&*$J%^Jiv^£>, fiA* 
^©^^•tt^tftSo r©fii±Sc%K8 0 5(tejg$ 
ft, &^<£Ja*K:#*$ft;!&SR£ft5o 

[0081] &feLED 1 1 fabmMi-zyt\n-5.&tfib 

1 7 1 SrEBSfcli^fSo IfiSfcEl 7lft7P^h 
anxuttf^s, ^^>-ftif©Stfc*i^-*^-t-5«t 

(AO «Lt^5ify-M 7 1 H7y^ 

[0 0 8 2] teftffil 7 l{Cj;»3fetfP } ^ft<ft!5, 4 

1 7 i©*£*fc«ra£fcm±9£ftffi«&&SK 
KS-rs* <b^-e#3„ te«c«i 7 na!)f«^ 
^t<-rft«, ntSttffiT-ra*, »*«i 4^5r*s- 

t5«5, #*f±iSb<ftS„ ( (01 2 3 (b) ) £r# 
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fig) &tfcKi 7 *rffi<f>KifcifcH-£ 

*rtiv\ ^*ib£^£>Ti£t&:«i 7 i tvps. mtt 

19 n *fc«^*K>^jaS5*T?*S-tflgWt?t 6 CD 

[0 0 8 3] i©ffi»fil7 1 tfSft^ 

TfeSo Ifc Sfe L E DWfeiSStt 6 5 0 0 ^r/H:"y 

(K) K19 0 0 0 (K) &>T<D*><D%m^Z>^t&& 
*LV\ (12112 3 (b) ) ©± 5i-fe««A'9 

©S#£U 7 2a (t^r >f y 7° V > 

if) t Ltiit5„ 

[0 0 8 4] 3=fc, 1 1 CO)tttiM#lJi-fe7^ 

M1231 £MBB*fc(iJlM-f 5r t jri 0**6© 

feLEDiDS^, Wfet^fc°-^cD^T*3?f5«^,!b 

V\ ^cDfc*. *^^A-2 1 cO^H{t>cDfefi.,K^7 

[0085] fi7-fH 1231 Sriagi-^r it-i 
§5. fJUMifl 1 i: L-C&feLEDSrffiv54l 

di i*>foJf*snfc**s8b*J:<, firffilziifeJttiSJts 
i 5 L E D 1 1 cD^ffi^iCSttlf 5 1 r 

©sat* 5 1 5 , *ffiKSfcW$tLfc3tt>iwrffifcsit 

RttH 5 1 h LTAgSffll,^ 
[0 0 8 6] SfeLED 1 l^hWM^t^t-h^^i. 

<mm \ 4\cAM$nz>&o\cm%mi 4 1 led i 

1 Mfcilft^W i^-ffAH^Hvf^ 12 
6^ifc**fcttia«Sii5o 1 2 6 #6*, 

Sg, 7^/~/umm, *Pt^-/V7;1^3-/V (PV 
A) ftJfSfltfSfll^Sft, ^iLTHSMWl. 4 4£l 
_hl. 5 5«T©tffl©t©W!l*£}x2>o 
[0 0 8 7] *S-a-W 1 2 6 tp(CT i ©jj&ffcfcfc 

£©&»#*> 5 ^t«f, M«»£^f r i 
«t9, fi^/^ 1 2 3 l^&rffi^T fctfeSJSMfc 

[0 0 8 8] 6fe,LED 1 1 (iffi©l£— fe©$>5VM*K 

(R) fef§3t©LEDl 1R, 1 (G) fef£3t©LED 
1 1 if (B) fefg^WLED 1 1 Bffc 



5 0 ^©i5ifeoLED&IS^MSiort&^ 

T*£ftl\ L^L, JiPJSBfc t fet^Sic^/^/V 

■So *>*>5Aa 11R, 1 1G, 1 1 BSrffi^-a-^-tirS 

*T L- T t> 7 4 —fr F y V v- /W^SikT £ *T & £ 
v\ 

[0 0 8 9] e-feLED 1 1 ii^7°E=^#^ 

fc©-etift < , 1 1 !4A«»f^co-et s^^-ev-f 
ft© J; v\ fctill i?>i?*'r>y>-7, i? 

[0 0 9 0] (gll 2 3) l?3ifRLfcrt^f±, * 

is0j©^jfef!i-t?fc*a^&5„ ttitf (E9 8) m 
93) (gi9 2) (09 0) m^m^mmmi^zti 

rnxm^^xm^x-h 

[009 1] Jfc, (S 1 3) t^-f± 5 tfifeLED 
lli4LED7Wl 2 CD J; 5fc— #=t LT#^LT>b 
iV\ tfc, LED 1 1 ©*ffiW®«/h^fi^yXSria 
jt, t>L< iiLED©Jtffiltffil-^LTt5J;V\ r© 
#a-B, LED 1 l©3S3t^y7'!6»ejJfelt$ix53fe* s 3b 
^=fc<^*«l 4irA7J^lxSo 

[0092] (0 1 ) <Dmmmxvm%u 1 4 

(0 7) ic^-f-i 5K#»©3t7r-f^-7 1 &saNR| 

7 2-T?@*T-flst Lfcfc©5rfflV^Tt iV\ LED1 
ft7r-f^7 1 ^^EH^ic, 0419, (01) o« 
[0 0 9 3] 7 2 i±«fr^-T?fc ± < . 4fc 

-7 2©^5y Ktfclijam-etiV^ *r©ffi, * 

SLSlt $ Sr«7J[^ ^e* $ * 5 i. 5 LT % 
[0 0 94] (07) X\±yr^^— 7 2^5r4tfcT 

«fi^©st3ttg 1 4 fcj&fc-ra t Lfc^^ - ^ttpis-r 

5t©ff±^<, (11) ©14a~14eii-#ift 
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ffi^Ji^^JBXSrffofc!?, «Eft?i, ftSr^L 
[0 0 9 5] mi) iCtS^X. Xftm+H frb&it 

£ ^fc3t i s i 4 no t-iag s ixfcstt* i 5 
[0096] mytm^-i lfrbtkMztitcyti 8nm* 

aillf ^^*T-f-*xtflt3fc« 1 4 a©^Sffi^t* 

3„ o£*K (01) ©*fiic-SrSyH-t-5rtK:J;0*« 
©HBBHtt (14) £«ftM#iJfcKBL.fc-£Kfc3. 

L ED 1 1 &MB2fe£*r$*ft«, 1 4 a -» 1 

4b^l4c^l4d^l4e^l4a tMlk. J&*T* 

fc rtm^c ft&, 

il— ^ftf-P^-f 5 %©-C(4ft< , ill 7V-Afi^ 

[0 0 9 7] SWSl 5 !4:7^/W,:|£(DfccO;fcSVMi;K 

77V$ = !7i>. (Al) , IS (Ag) , *f~9~y (Ti) , 
4(Au) fc£©£m*llfcfc#L;fc 5, Sfc 

£*WllrolMs«:Rifc1-5fc«>, ^*5HMcoSB(c s i 
o a * roMBfi-^ ft 5 ft*lE#$j£ *nti^„ 

ft if tf> & ft 5 &J»&£i3Ui3iJ Lfc % © V^T % <t V\ 
[0 0 9 8] fcfcU C»Stt«l 5tt3tSrRlt-r5t 

Sr^LfctcD, SftTi (^^) »»*£M*L 

ftifcfttm-ej&ja ufc 5 , stt« 1 5 (Dmmzmimm 
u mikT^ii-zifm am) hxh^\ 
[0099] (02) (Hi) <n-%mmxhz><, 

(B2) T!4#Sx)^ft5S^IWPXLT[y]i^2 4^r 
J&SU -<Dm&2 4{CA 1 ftif^feftSKMBU 5£ 
^LfcHlfiWtf&S. £tf>pa8B2 4 (cif^S 1 4 £ri4 

IL^, ^©**-effl^S, fcSV^BIftSiirSrt 

[0100] ajfttR i 4 «3ttmtffi^tt7° y XAv— h 

2 3/5S|EB£tx"c^5 0 nitMi 4^ 



ftt'^»3tK*LT^5 0 

[0 10 1] 7°!JXAffi2 3»^tBltffi{-(4, ffi 

fti/- b 2 2^|HB$tlTV^5 0 ffilftv'-MST"!) XA 
t£2 3CD[Hia^^/^/v2 1 SrSSLTl.x.ft^J; 5 
i^-r5t®-T:-&5 0 £©&»S/-h2 2tbTi± (ft) 

S„ ft*3, / y XA 2 3 ©GOflO f 1 mmKT 

0. 2mmK±ii-r5„ 

[0102] 5S3t3ff^ 1 1 <a3E#f*3fe<&& t mtfSiSiv\> 
■trofci&SSft*^ 1 1 rojfifiFroffSttiSK ft <9 , S/^A 
yirftSo :o*tfof;»*3l«©I5lgl-eH: (El 
3 ) K^i- X 5 (-51**^- 3 6DiE^tc3feJS*fcSB 3 l Srjg 

[0 10 3] *££f»3 ir± (04) ^-T<t5tH« 

3t^» Ky M 1 Hm^m 1 4 ©Sffi^fcE&K&S^ 
i±, SiJiriEBLfc&ftv— h 2 2XiC«$tl5 0 
[0 10 4] ^frKl 4©:gffi&3Wi^/^/V2 1 
t'ffOtte 1 4 IHlirSdiS Lfcv— 1-22 l-.id, )'CfeM3i3 
1 £ffMi:fci±gBfi1-3 0 3tt£*a3 1 tii^*©*^ 
it£MLT3t^-tvV2 l fcJiaf5**«***5aili 

[0 10 5] *tetSc35 3 1 it (0 3) fc^i-J;5fcLE 

D l i<Dft&tiPibL<\tpmfcKj:%<Bj&U LE 

Dl l*»fe|*h,fctt«tt/hS<»*i-5. *fc, 

y b 4 1 (4LED 1 1 icffi^t r < , Sv^t r. 

*&-tftS„ 

[0 10 6] SJtffil 4©^ffi^? 3 &lt$^S) l fii4, IS 
^6^^- 1 1 ©jfif§^^< ft V) , c43^(4/>ft < ft § 0 - 

©»Sl!i*l-tS1-5fc», *3SWC«: (05) [^1"i5 
4©«ffi(r3tte»W (*«F? h) 5 1 
«LTV^„ ft&\ 3ti£ffclfP«-5 1(4 (04) t?1> 
mWLfc£?icmit1rZ>b<F) (&MM) Xh^\ 

[0107] (05(a)) (Dmnwxi-z, myt^Li 4 
m^&Vi(nftmmi$H$:Bj$hL<mmLx^z> 0 m 

M (LEDfif) BWKfc/h;* <■*-$. ftfc\ 5 1#S 
WM©^f4ro»t-rs„ ifc, (05 (b) ) tZTjk 
■f±5l^ 3ti£»:fPfi-5 1 ii7 h7^7°«fc LTfe i 
v\ roi^t, «3t«l 4»^*fp»3ttA»W»ffi 

«t4*£<u mmn (ledje^) «aa^h$<-r 

5„ Sfc (05 (a) ) t mm\Z 5 1 ^Slt«W>»-g-tt 
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V\ Hsfc, LEDSlMcaEJfcitfcSV^ttSAtit**^ 

[0108] (He (a) ) tt&ami 5&5umm* 

1) „ iii$*Ki 4(cK»M1-S 

*&, r^$ = i>A (Al) fca^fi, ffi (Ag) SriPf 

[0109] (06 (b) ) «a*Kl 4cDP k 9g|5^4 J S 

4©^ia^ c f^t-r5it{-J; | 9, BBWgBSMft;-*- 
}f AL-T&^-ct iv\ rft^frfeS^fiyA-t l 

Sr^atU-Cfciv^ 3feSr®iRi-5fi**4f*»tinL-C't> 
[0 1 10] ft*5, tp*S|5 6 2 ^ffAi-57K*>5^»y 

a-k tt&mn- vv?j*t£}? lt*5 § , ph^i 

0£(_kl 3£(T\ $e 3 {C$f*L-<fil 0. 5£Lhl2. 
JXt'fctLt^, KWK6 1 ftiftrgH^-frS- t^/> 

[o l l l ] (El 6) tjsvT, >r—?> l 4«*'^ 
[oi 12] *^roI^SEi 6(c*j^T^rSb 

m®.m#%jfmLxj3< r t^»*u\ 14* 

[0 113] (Hi) 4?fc^-r#3BiKwflg91£«£Si* 
/^;V2 1 t 5r|l^-a-fc>*5 n biz. £ 9, SjH^coft 

[0 1 14] ^/^/V2 1 [ilfi^^^lC-rSfcfeO 
CB^F (Optically compensated Bend Mode) (O^ 



mm^m.^, BJWtw&m&m*m^x hi.v^tn. 
ions] se^ia, mft^-ftmm (pdlc, p 

NLC, N-CAP) , ECB (Electrically Contro 
lied Birefigence) ^E— K, SUlEIr] (VA : Vertica 
llyAligned) ) K, EOC (Electrically-induce 

d Optical Compensation) ^E— K, I PS^-F, S 
TNM, DAPt-K, ASM (Axial Symmetric 
Micro-Cell) Kft if fcffll^ 3 - b tfX% 5 £ t !* 

f ^©ftik f-p L t> CD Lt, aw 

[0116] 2 1 (D^mS 2 2 6#OCB 

(V) «_h±l5 (V) £ATi:t5ri:WtU\ 4 
fc, mffi©MI?^Si±4 0 (Hz) ^±10 0 (Hz) H 

[0 117] l l Sr)«&^T$-arT (JH^tHW 

s^T) mmmm i ezmm-tz. cms) Ic^o^^T, 
8 1 tt#£*rS5 (SlJt*^ 1 1 ^^tot-^v^^k 
1 4 a) d , 8 2 taysytrtu 1 1 *s/S*r«t 

[0 118] 10<7)^BJSfi^C*5V^■r^*^§|58 ICOffi 

as^/Sfi^S 2(OiB9|S a fc©BBffH:fta©BBfiS«« 
[0 119] 

0. 0 7 5^S/S^1. 6 (SfcS;5) 
bv\ 

[0 12 0] 

0. US/S^O. 8 0fcS;6) 
S/Sj $ v ^ b*wm#trtt'b £<te>0, 

(5 if, ttw#^as*fr<ft5. 

[0121] (08) 5 Jr^itT^ 8 2 co-fig^ 

[0122] -jftwt^^/vsrasaiaE cart) ^ 
W5vt*^iiiffiSrM5<-r5ie:^S)5„ zvmim 
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£\ ftB*~y^jLx.^-fv\, ,^Ttl*^«*$-Br5rt 

[0123] ^ co i 5 fc»fts*f i 1 ©&*T«Bfe&3EE 

(Jlffl*) K>3SaSr*h-fevf- (BiaHtT) X 
@ft*feffiU i»^ffiS*(CJ;i9 gft-CffoTti^o 

[0 1 2 4] ^3t^^5v^«, LEDllJrKM 

5„ i^BflcoS* (BUtB, i!)B, BfcB) fcjfc 
zx^mxh 5 v Mi g ft-ea^ § *T % <£ V \ 

[0 12 5] KTti, #fcj£*r8B8 2 lift g L TIB BBS: 
ff5o (08) CO (b) -» (c) -» (d) -» (a) Xh 

^i&fcffS. r©ttHSSr«*[Ri^?>afcig^ (igg) -e 

&5o *fc, (0 9) Jc&^T, AcofSH#*2>BtSJ 

mm) xmmmcmikkLx&x.x^zie.mxhZo 

[0126] &7FS*%.;U 2 1 <D ; iMsM 23b iiHiHi~# 

t^ftSlffii^oT 1 7W-AcofflrBlFJf^coifil^ 
i/ioTl^, ^r<0fc#\ ^y?74 V 1 6 co^f^SI 
ftLT^*xtf, J?^/<^2 1 co*^ y/A^* (B# 

A«RttR&ftfc«ffli:fc5. 

[0 12 7] *il*ijv<*^2 lteBSfT^fci-B&X 
-^Sr^#^x.TV^< 0 (09) (c&^T, *^/>^ 
9iCB^S-#t^-C^5^ oSOiffiigff) 

yf-y^'JS^-t LTcoiEJKh^^^X^ 2 4 1 (TF 
coPfS (17W-A<bL<(j:17>f-;VF) ft 

[0128] mm±Km£httmmKm!±fcmu£tix 

|Oi*)±i)ftFIBfi2 5~4 0ms e ct&5„ OC 
B^— KT?il2~5ms e c-efe5o - <D±Lh±. 9 R?W 

tt3iii4s^3E{bL-cv^s«e« (Km, 

# mm) tiLx.5r t»»*L<*v\ it, sii 

[0 12 9] *iPj^ d^coiSii^^b^fficoa^-id:^ 



*i*ofc!tKl» (jyjL SS^S^TO) 

hSr^*T$-&5„ ^©fc&, ftB#y^^/fe 
*f\ &#&B&**£*mT*t5k©-efc5„ 

[0130] (09) T't^Pj^J; (09 
(a) ) ©««-CttH«^#tii4ixTV^5^S £<9T 
ftijAcoffiHco/<i/^y-r hiiSMLtv^. icoAco^J 

■ffioujaztixfrb. +#&i^p^sjil-c^5 0 *©fc 

Acoa^i43ii*B«««|-efe5„ 
[0 13 1]M, (09 (a) ) -» (09 (b) ) -» 
(09 (c) ) -> (09 (d) ) -» (09 (a) ) -» 

(09 (b) ) b< v^fftfc, BJgl-S 

ffi^ffiPS^T^b+^ftSSil^SiaLTiS^, A ©ft 

[0132] (09) ic&v^-c&sw-rCT©^ 
£©/<y*9>r h*jft*T (A©§|$#) S*5tLfc^, 

45 g ll^ffi & 5 v ©«fil^j»T?^*r $ * 5 r fc 

»^^K:iH*nwiTfft<rtJ:v\ fetid 
i o%!£m iv\ 

[0 13 3] rlytrj't Y(DA<D%ft<D&.Rmnb, M 
l©Bffi«r#f A^SJ^ffl (»t^x.Jlffl) 

0HzSfcii6 0Hzffc5, L^L, 50Hz~60 
Hz-Cfotitt\ «^Bffi^7U y*tit45ri#J) 

5o #t*X.Jlfflil7 OH zHll 8 0Hz 

?Mti,x?*v \cmm.$itz>o z Lxmmm^&tt 

[0 13 4] -©J;5K7y y*^5S^5©tt, Sft 
^/^/w©^(d©SJESrBUP Lfc^ t A©«E 

7^ b©^fi"I^SI!t?«H B B ^/^/V2 l©f^ftx.^l 

t©T^iip, #^mx.Jl»i©i/2©Jl?jS»sfcb 

H z Xfotlft 25Hz, 60Hz ffe^lii 3 0 H z <Df$ 
frtffobt>ti?> 0 r©M#SrS!JSbfct)©Sr (011) 
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lZ7F-f Q mil) <D?y7\-zm6&M&Wt t LTV 1 

5„ ^(Dmmm±m%Wik.mn(Di/2(Dmmwt lt 

«Ani LTV5„ 
[0 13 5] o*9, (01 1) »^9 7f4^tTja^t 

f®2{£) £»t£*fcl$£*LTV5„ ftt>*>5>o£ 
^±t<«ce 3 ^5B$Srl. OK&teffclyCV^. 
[0 13 6] (011) wy'yyj;^ 1 0Hz (##& 
W120Hz) rott, St>*>feotas;*:#vJ:« 
L6^X5„ L^L, *,f>otl43 OHziS§tIS!:'> 
fc<fc5„ 4 0HztSIIff, *>bot?rH:4<i 
5„ r©^SJ;<9, *5^*;v©#§i*;tJSSm7 0H 
z£Lk, L< }48 OH zKJ;tt5r L 

[0137] _hRS©^S^:}4a^^^^©iElb[iI8So& 
SifiiiCfc&^tlSo 6 0HzCQ3f£cQl 8 OHz (3 
WM) ^Sff_h©|5i#Tfe^ 5o NTSCfcSVWG 
A W^VTfl^tl^i© 4 fffig t ^I1T# ft < ft\,^t>\ 

^mm^m&ff^-^ kft% ft t\ ^x^ < ftz>„ & 

t. L< i4 7 5H z ©2f© 1 5 OHzHTit^tT*) 

6 5» Sfctr^* Hfc&atf<A^fc*Uf, 5 0fcL< 

(4 6 0Hzffl2§©l 0 0Hzfc3W41 2 OHzHT 

»W2P0SU\ oSO, 50HzX2=100H 
z, 6 OHz X2 = l 2 OHz, fcS Vfi7 5 H z X 2 
= 1 5 OHz i:^5*g-^#VTfc5 5o -CO;i£:z> 

[0 13 8] (Bio) B, #^©S^JS«cDigf!)[i] 

y-^ff-s-lK-Wr^f^-^MP-rs y-* i o 

2z)S^«$ttTV^5o Fy^l 0 1, 10 2(4F 

t> 13-7 1 0 3t 419 mmztiz. oil 

r©F7^f^3yhP-7 1 0 3K£.V$i&;<%/l'2 1 

[0 13 9] — % 7 4 Y 1 6 WiSl^l? 9 #{+ h 
HfcLEDTW 1 2(iLED Fy-f^l 0 4fdg;R£ 
*xTV3„ LEDK5'f^l04B^y^7'f Fayh 
p-7 1 0 5(CJ; 9f|5UfP^^5o Lt^oT, 
4 1 0 5KZ.V/<y?y4 h<DjHftmM 

[0140] s^ytyA Y=t> Fp- y 1 0 5 t Yy4 

1 0 3 mmm ^%mm& 1 06iat) 
*r^jfflt»iRi»ifl;sns. 

[0 14 1] £JUi<D < t5tll»3'f[2-rS^t^J:t)^ 
/^/V2 l©B^*^ffi*l 0 7\£\W>Mtf7-<Dft^$L 

mm&ftm^znZo l^l, H^ti^ihuo^t 



±t LTf§utB£r^-f 3„ «fihB«#-a-t*5VNT, itu 

[0 14 2] »±H**^-TS*&, fcfc?Lff, #S5W 
cD^^gg£r^— y-tvv^ ^t°3.— y <z)^e=y — t LT 
^ffi-T 5*^14. 9-f F^y Fc-7 1 0 5 Srffl 

fPLTftihHS*^- 

[0 1 4 3] Iffl»±BS^- Kite, (El 9) Tift 
W L/c J; 5 t^raM i: £^FW£ i: 

^/^;P2 1 2r##^x.5JiWtJtKLT, *v!>7 
-i F l 6©^TJlffl^2f$«Jit-t-5„ fc«U 
Jit-t-Sc -M(-LED(D^TJHM^#tmx.JH«J; 

0 bji<-f-5o ®*L<ii#^mx.JH«»l. 5<fg«-t 

1 2f&£iTI-r5o $5>}-»4L<f4 2ffiF£i±6fflF£tT 

[0144] r cogs, m 8 ) TfftEP! Lfc»B^B^» 

mtU8 2 1 i-fa^tsb 8 1 h ©w-a-ttn-t-rs. ^ffs 

ibiS***- K^b^itHS^— Kfc-Sl t) 
Bffi©#««tLTL* 5/cJ6T&3„ fc 
fcL LEDCD^TJlffl£r^{t£-&5 fc, LEDCSff 

&5<7)T\ LED^roBJJP«aE*Sr*paE5*53— if 

Lv^„ iiiS^- Kd^ffufcBS^^e- Kir-g] 
"9^/c^w»S^b^febd^L*SiJ£LT*5t, 

P,Tt5„ 

[0 14 5] ^«-JlfflSr®<-rtl/«, ^7^7-f F 1 6 

7)5^»S)fis lt v ^ 5 n t immm^bmm $ < * 

5„ d^o, ^Hffirc'St^^fflfcl^fflSrKoTV^i 
V>©-e^y7!) y*©^i4^V\ iCDt»cffiTii)B^ 

B»^Tfc57)^Pp^i4/£V\ ^IMSrfcoT 

fc, ^77 7^f F©^«Jl«^i«St1-tl(4\ 7 y S/77 

[0146] (09) <dx yftmmm^- Kt, 5feic 

Lfc»itBS*-e- Ktta— r^-f y f - 1 0 8 |c i 
W0t^5i5(c«Lt*5< rt7)W*Lv\ 
*fc, 7WAM0ltf-^^ft5r tCi!), 
S)B^^«lzj^ifcB^^«lz)\ tL<(4ftB^^ 
ffi^e- Kic-r5^^Ji§l^\ IfufcBlg^l^- Ki'-T 

sgLTdov^Tt iv\ t&B^^s^w^mtty y rtr 
v? 3 ^uifft jfroiDSt (»B«*«ms») t l 



-16- 



[0 14 7] -gP»««J*3****tttf L*^ 

iv\ BffiffitSrffiT^-ti-Si-ti, (0 8) {c^-T^T 

©,^T«4r«^^*5 r £ ic <fc 5 ®Mfcmmx*% 5. 
r co f[j #p t> -7 ^ p =j >- tr 3. — # cd * -c -? - 0 tg SrfiJM 

3\ <b L< f4«*i-§J; 5icbTi3< 2r#*L.v\, 

[0148] (01) (DSifem^fi 1 4 ©BSC* 
TfcS^ 1 1 &Jfe9ottfcfc©T?*>ofc 0 L/$>L, rcD# 

j^kiss^s (mi 2) i^-rxo^m 

*«1 4 ©^«8t3SjfcsR^ 1 1 MILtt) J;v\ rco 
ggBi (012) OllaHl d fcCDH#CDj; S 

w^ths 1 4 ©s*fffitis3fc^ 1 1 fcen-rs t i 
[0149] (si 2) cD«isr'ii, mjtmi-i it>m 

9 #it ktvC^ft^TOS 1 4 0>£*f jSjrfiA, /4 *£ 
U/47-fVKM 1 2 1 ^K^ott^tLTl^o 4 
fc, X/4fficD*ffl^{4SltIl5 1 btfSflMt L< i±E 
E£ftTV^3„ r CD 1/4 CD 1 £(43B*i^l 1#3&£ 
1"5£?fcft (nm) £>L<te3£g^fcft (nm) "Cfc 
5 0 X = 5 5 0 nmffcS. Lt^ot, X 

/4i ft^ftiUcDjgft 1 cdIS 1 / 4 cotefli&& L < ii^r 
cDjfi«cDf4tS^^^Ti-5 7 ^ ^EStc-fS, 
[0 15 0] A/4«l 2 1 (CAttLfc^RJH* 5 1 

AM1-5„ A#t*cD{4ffi«9 Offi (DEG. ) 

-T7 p cDtcD?rfflv>Tt>J;v\ r cd^-T /(iiSJi L&vMI 

SrStJ-f 5 t> cd X h 5 c 
[0 15 1] ^IKcDBSIKSBcDtflE^li^ScD^ 
/^/V^rfflV^^tl, P©tf)L< (*S{l^cD-*-cD 
m%^^m-tZ>„ (01 2) cDi5f-e*^0te^ 
t5X/4fl 2 l?rBa«1-5ifci-«fci5, m&^A' 
2 1 ^Sii-r5fi*jt^CDSflJ^^< Lfc^o 

[0 15 2] t>*>5A/ N mtf^-f 3/5^ (19 9) in 
^«5 4I)Et-A^^3i'^ (Km, PBStP? 
-S) 87l£, m%Ml- 1 lcD3tttiltffi^Ba«LTt<t 
V\ *3t«l 4t(iP{i3ttL<{4S|ffi3 I £cD-^cDfi3t 
fifcS-cD^SAWU i/4«l 2 lcDfM3L£-V\ ftflj 

[0153] lit Lt CD (light 



emitting diode) 1 1 }4 H M{t^ (#0 ^GaNlf 
fiLEDOfy/SIiCYAG (-T v VV <? A • T/VS 
^A-^yh) ^cDibfe^^SLfctcDtrlRfE 
LT^5 0 ^CDfiil, ttSlSax^ (tfc) ZnSeW 
WSr&o xmt LfcWfi L E D 0*^ 1*3 fcStfe K3S3fr*- 
3Jg£^f"ffc 6 fe L E D £ PfilS LTV n 5 0 

[0 15 4] ftjb\ 3&3fciSt^£ LtefiLEDtlgt 

PJ#^^1-5»^i4, R, G, BSBfecDLEDSrlO 
*fci4lSScDLED^ffll/^ffJ;V\ R, G, B 

6DL ED^^fc&SfiA^incffigU iCD 3 OCD L E 

^/H^*r$*s#^-efcj;v\ rcD±j^-ft, led 

oitWI*ffi0^3tJS««S:(airt-5 r t ^s#* LV\ 

5o R, G, BcD3MfecDLED^|^B#t|S3t$ 

[0 15 5] W-hcDHftMi±«7t« 1 4MSrK§J5SJSt 

ft (xi±, *Mi5) ***ra**-cfcofc!js, rix 

1- Pi^i" St CD -Ci±^< (El 3) ic^-TJ; 5(--ttcD 
*3t4Sl 4Srffiv^fct©-etiv^ m%^i 
5 Sr ffM L T t> i V ^ n t It n 5 * t? t> * V \ 
[0 15 6] (01 3) iCfcl^T. ^«1 4CDt^SlC 
LED7 W 1 2ifi&W&tzttMl$,£tlX\'^&<, LED 

CDLED*^-i4LEDK7^/^iCj;i9 ^^4**^* $ 

wro#fifc-c?fc, (0 9) cDg^Tj-ffi^r^Ja-e 

fc«U (013) T?ttffiW«l 5aSfcVVfc», 
if 5 LTt>LED»fl 2ifi»iSW5<^ c P*tP^Bf< 

[0 1 5 7] rcD!SM!-*j-fe-r5fc*, (0 4) iC^-T 
JtttffcKs' b4 1 SrffM*fcf±fBgL, (05)iC^"T 
i5l^3ttitl 4cD^*atJlffl^fcTi4SltJiS5 It 

l< \mfcwntt<Dmm*mti:h^z, 0 

[0 15 81 4*, (m 1 3) ttJV^T, LED 1 1 £r 

HftflojiitcL-cjflytrtTMi, (0D fc^«cD/^s/^ 

7^M6CSIl*ftmT?f5. 4ft, (013) 
-efft0flLftj;51-#LED 1 l?r)II^*L, iCD^SE 
JlSi^^*/^^2 1 cDB«#tx)^JfMi:^H8^i: •? 
(0 9) ic*-f-^^Sffl^tti4\ 2St¥;« 1 4 cd^Tcd 

fc, LEDTH'l 2i4efe{CKI^5t>cDTtt/ t e<, 
R, G, BCDLED^T^^^tJfM^tt/ttCDTrt i 
V\ ^CDffi, SficDlS^JST-t-R, G, BCDTJ^-y-f 

[0 15 9] K_kCDH*W±6fiLE 1 1 5rfflV^T«7t 
tgSrffi^-rSt Lfcfls, rti(cpS£-r5fccDt ; {4/ < e<, 
(016) t^-T i 5 i-^coSTtt 1 4 1 

rtas-ets. ^coffi, (*) cD«/h^*9>- 



-17- 



(tte) ©^^-^l?*****^ l 1 t LTffi^TtJ; 
V\ tf/W^y-f Yy^-f, /^u?l/7>7°t£ 

m%mi- m) thxh£<. 
mi- m) t uTtiv\ 

[0 16 0] (01 6 (a) ) Tl^^ffl 4 lgr2* 
ffl^fc«fiKMt?&5o 1 4 1 a t 1 4 1 b tteti 

S(c^T$*5„ (Ell 4 (b) ) B^t^l 4 1&4 

/iil41a^Ulb^l41c^l41d^l41 
a->hm&.MT£li5o *fcl 4 1 a, 141bO» 

t, i4ic, i 4 i d t(Dite-eS5:(-^TS-e-5„ 

Offi©^*T^ffit LT141aH41c ©lit, 1 4 
lbil41 d t»|I-CSS{-^T$:*-Ct <tV\ m± 
ffl*S(l (II) (0 6) (HI 2) (013)©§tlfe 

[0 16 1] R_hcD±5fc (016) cQ«f£T*t (0 

8) ©A*r^n^mr-#s„ fcfcu (016 

(a) ) i42^#jT'&!3, (08 (b) ) Ji4 

v^jtt*r*ife*sisi-cts. **s, (016) -eajttRi 

[0 16 2] Jfc, f*f 14 1^t, (013) 

(0 1 4) ©r't <*^-rtLti iv\ 

[0163] ft:fe\ *ft<ff 1 4 1 tt?frBS«#:S; i 9 fclft 

SrWSE-f 5r tt±9, '<y*9>f h 1 6©»Jt£rg£ 
ic=i>- hn— /v-?£5,J: 5fcft5„ fctx.fi, 0Ofc©W 
3£&&ttiU s<yi?74 b 1 6 ©#g%^M-?t 5., 
[0 16 4] *fc, ^3fc«©— ^£r3t^°-tvV2 1(DR 
tt^SfcJbfc-frTIKS £©3&li£o(j-.5 d 5„ 
fcixJf, (0 1) t&^T, >S*Kl 4 c, 14d© 

tic.mfc&%-rz$t&'***2 1 (H**n 

**Si4c, l4di©f*SiHI5 

<-f£„ ^ortttLEDl 1 {C*5V>Tt>IH#-t?fo5„ 
[0165] (014) }C*3V^C 141 fi/^W 

^^e-^feSVMJDC^-^ 14 3 fcg^StLTV^So 
S3tW 14 1 il^^trtt 1 4 3 fc Lt^-^ 1 4 3 fc,£ 

[0166] iibtff 1 4 (4 (015) |CSrJ-± 5 fc, * 
©g?ffii-X3tJRl 4 6i>m&£tlX^Z> 0 *fc> 

114 flSgBff $tlfcffi©Wtt£A g &5 WiA 1 fl>£>& 



5SW8I^ffM^tifcSW«l 4 4^KB5n, 3fcWH- 
il45 a»feifcW$*i,fc3t*3»* £ < , #3fc« 1 4 dA 

[0167] SJt^ 1 4 1 [4^~*- 1 4 3 in i 9 015 

5^ttffi©fc^^*i^^ft-f5„ Lfc^ot, (01 
3) fcjj«Ti5fcj{Wrtt8 2 (A) £_kT*fRjt^®j£ 

[0 16 8] (114) »^ f*f 141 

tftff 1 4 lttH£l!lU-C*it, ^©fl-J^fcftWItSPl 
4 5«r^r-t-SP3fS4:eSL., :©Rf^-?14 3t 
EHESlftfc SfctH«-Sl51 4 5Ci (R) , Ht 
(G) , # (B) ^©^-^/v^-H^U (01 
18 (b) ) l^-fj; 5i-R, G, B©3S3fe#B££S 
Lfccoi:^«cor tSrHS-etSo *fc, Slfl46 

[0 16 9] 4^ (014) (0 1 6 ) ^T'ii, «3fc 

1 141 f4#3ts 1 4 ©31 •yi?mz-m\z.mw-rz> t l 

fc^S. ^tbirPIS1-St.©-ei4ft<, (012 2) \C7jk 
Ti 5 i-***©**^ 1 4 1 SrEllLTfeiVV ^cd 
rtiiLEDl l^!rfcigffii-5r t^T?f S. 
[0170] (0122(a)) -efi3f3feS Hfflxy 
S^5C3*ro»Jfe'B [ l 4 1 ^la*L-CV^5 0 »3ttPl 4 

1 RttSfe38ftroSftff-e&!3, 4 
*3troSt3tW-C*j5o *fc, **i=l 4 1 Bi4#fi^ 

»*)tW-efc5o ^^ffi 4 i 1 2 2 1 tit) 

[0171] ^ — ^ 1221 ©HffitttA 1 fe^VMlA 

g/i^ftSSltJR 5 1 ^JfM$^^rv^5o *fc, (01 

2 2 (b) ) |E*T±5fcKJWaS5 1 fc£ft*14 IB 

t^fcattlli 7 1 Sr^LTt±v\ roi5l^- 

x 1 2 2 1 ^icSWK5 1 *5j;t/)t»SL«Jl 1 7 1 &g 
^l-S^iirit)®*! 1 ! 4 l^bJSdlt$nfc» s S» 
t?l?t)^\ i)tI14ti|A (A*) §tv5„ 
[0 17 2] (112 2 (a) ) fi*fl4 
1R, 14 1G, 1 4 1 Bt±7j — ;VK->- ^Vv'-^yV 
(d«tfc2>^i45£SiC,^T^*Til^L, *fc, 3* 
fcSl/M4 2*^|HB^t,^T^ii-Cfe iV\ 3 ^IWIB^tr^ 

5o *fc, 2*ra^F-e&titflSfi» t f , IWfii:ft5. * 
fc, #«^«i 4 io3SS**ft:$*ixtf, *3t«i 4 
tA^£^53t»fe?fiJS£M» (PIE) ^3tt 
1 4 1 i±3*tPl£1-5tco^i4ft< , (012 2 
(b) ) ©<t5t4*J^±-e%J;v\ 4fc, 2*ft)i 

[0 1 7 3] ^3tfe(4R, G, BtKS$tl5t>cOT'!i 
ft<, ->7^ -faip— , -?-gy-¥<Di. o t£iifo(D&X-% 
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(012 2 (b) ) ©i5t#3fc«l 4 0PS«t 
Sttlf 1 4 1 &EBLTt>.fcv\ 

[01 74] ft*5, (0122 ( b ) ) -mSft* 1 4 
lWitSfi (W) IS^-fSo Lfc^oT, 

1 4 1 W^5f>-^7$ii-5 0 S^^/)5t;^D»i 
^t, M 14 1R, 14 1G, 14 1B^7-f^ 

[0 17 5] «JlCD^Ji«}i^3tS©-ffit|5fc5VM4M 

isjrt-s (0121) (d^-t-<t 5^3* 

SBi^3tW«re*bTtiV\ (012 1) f±R, 

g, b, wDmxttfto 

3ttLTtiV\ 2*^rG^7t, R, B£l*-f 

[0 17 6] £Lh©Jj*#|fiR, G, B, W3Sft&fr5 

Ti4^<, (0117) ^-f«t5i-R, G, B^CO 
LED 1 lfcfc*3fcEl 4KlE*L-CtJ:V\ 
(0118 (a) ) Wi5CR, G, B, Wi)t©LE 

D 1 1 Srffl^rfcJ;v\ (013) (0 

118) }^i-J;5fcR, G, Bfe3Wi, R, G, 
B, W^#fi(0LED 1 1 £T WftciCflMkLOi 

[0 17 7] ifc, R, G, B, W4if©LEDS?t 

& s v > (± e l ft a (Dmomytm^- 1 * n& l 

StttU 4©:ty^fc&3te'g s £EIIU SJES14I 
f^ffc£*TLEDi^£EB-f3*J55c, ^«14co 

lstEL/-!^7^F (0^*-f) &ebu *r«s> 

[0 17 8] £Lkte>g3ftSl 4^(C|g3¥;ig^-l 

1, 14 1f»^ *£AM£*3*J5Sc-??feo/c 0 
LfrU 4cD^^^!tTfe5v^ttr^T't5i^ 

L (xi/^ hB/V^^j/ty^) (CtS^S; (EL/^jy 
M iWJ^ftS, (gl) ©|M14®«* 
9l:«jB!OEL*fv\ r^y^?-f htrSSfig 
-e*>5 0 EL (1 4 a~l 4 e t#X.5) £l«ft£*T£ 

tartiati, (0 8) o^fl-^jgsrum-ctSo o 



(*) ^S^LTV^ibfc^W (FED* if) 
V\ *©flfe. (fcfcfctf, O^y*? 

[0 17 9] **s, lB»*S©%»Srffll/^«i*t4, 
(017) ftifO#*ta<Batffli-5rf:«ST?t5rt 

[0 18 0] Et±©*J6HB3l*K 1 4 ©SgKSSftifi^ 

i i &EB£;fcf*j&£Lfc«j£-e;fc5. (0 1 7) 
$f4*3t« 1 4 ro£ffifc:3&3fesif^ 1 1 SrEfiL-fcfll^-e 
fc5o fc*3, (0 1 7 (b) ) !4 (0 1 7 (a) ) <Da 

a' u-e»®fffi0-e&5o 

[0181] £*Rl 4©IBCBLED 1 1 £#A"f 
S^^fig^tbrvSo L EDI 1H (018) \Z7jk<t 

i5t, ft©— &fcJBj££ixfc&jgi 8 i t.fci9H:S* 

-So 

[0 18 2] £fc, LED 1 1 ©S^-aSl 7 3 b^ft 
mi 4coSffi(rjfM^*xfcSffi^^-^l 7 2 fc(i*>- 
^Hl 8 21?SM^^rv^5 0 lfr^-yi 7 2{4A 

1 fcL<f4Ag-C^^ixTV^5„ ^©fcft, fMl 

#3ttei 4©affi<D^ffiid^o, fctrf t^a**^ 

<£ 5 i-ffM^TV^ LED 1 1 tliiOtS/^- 
V 1 7 2 a (IES) , 17 2b (AS) OftM^tt 

[0 18 3] IfS/^-yi 7 2}i3K#W ( I 

TOI) T*MLttiV\ (017 

(b) ) fcg«rj:5tc**«l 4©»ffitR|t">— H 
5^eg-T5„ *fc, «3ttRl 4tEg5LED^s'^'Sr 
IJfiScLfc^ ^^>-b («*) Lfc9LTtiV\ 4 
fc, ITO©«ffi^*Jg ^S) ^b*5Slt 

WeMLrfcJ;i<\ 4fc, ledi icD3tWltE 

[oi84] mytmi- 1 1 iiTtsaw 1 7 1 ^LT^ 

4^*£A7Jl-5o i©3ttetfc«-l 7 ll^J;i9|S 
36^1 l«fiA7^&<&<9, *S-*H8MSrfi 1 5ri: 
dSTftS. *fc\ (01 2 3) ro«jtSrSffi-CtSr i: 

[oi8 5] m^tm^y^y^hKh^mmsny^ 

y-ti^*T$*5„ (017) cDA«|g|ii 

co^S^T-l 1 aMfft5t> ^tB«t5BI»^3tJS 

t-i 1 b asjsytrra. wat, 5§36^sr^*r$* 

TVK„ ro±5{!:B»1-5ri:H:J;*> (08) (0 
9) o^*ife 0S#r*j5fe) ^1ST'I5 0 
[0186] sS^tffi 1 4 ©*tWtfflt«fctv'- h 2 2 
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KDi&mn.n&^M<^<D-n, (119) i^ti? 

JiiiiEg&SWiv"— h 2 2 Jii^it-TSo 
Y 2 2 i #ii:3tlt«#ffl * t> fc*r t> J: v \ * fc3tt£»c 
h 2 2 Jit$ 6,t3fe*l£fi:S*Sfc»<o3fct£tfca53 
1 iSrMLtt iv\ 

[0187] v— h 2 2 CD3tt±lltffi!-!*7 s y XAv'— b 

tf«t^o (0 2) 4tES7 p y 
9 , S*/^^ 2 1 »a^H#^«ffffifti-s r i: ^-e 

S3. 

[0 18 8] ffiBHUBl 6a»b©3fe©»ftte&&< LT 

m^^/^m^^mnmt^^jjmt lt, (@ 1 

11) fcjjrt-J; 5 fc, v^f^nkyXTW (W^p 
V->X>— H 1 1 1 2 £ffl^3*ftk$l^£ti3„ 
[0189] W 2 p 1/>X7 W 1 1 1 2 iiJlttW^ 

XI 8 6) aSflM^axT^S. W^cl/yXl 8 6f± 
B*fiX?'7^ Oft) ^KigLTV^-f^-V^&t-io 

[0190] c ©#s-ra:w ^ p w yxr k 1 1 1 2 

©*ffi!4Jpffi^t)feS 0 *fc, Wny (ft) fes^fi 
Oft) ©±5fc**VA«S!lffcii^fc&0>-efcJ: 

[0191] -v-f ^ p uyXT K183 flSfllv— b 

\z£<9Mf$.hZ>WZft$l:LXi>3:\/\ ^^ni/ 
yXTK 1 1 1 2©^ffi(ci{±, SltBS±)R«:^i-S 

[0 19 2] 4») , 6tmtffi(-'^-r^ n U 

•?4 V n i^X©fL&£rfil^ ^tl^X'O ffi|RM£«r 
fcfc*5r i£W*LV\, v^f^ni/yX© 
fL&ffifff^^ScL, S&ftiff^ 1 l^^ibco^s-© 

[0193] (S19) BlfefflLEDl 

y?xViK%iMLtcmMWX~hZ>i)K (EI20) ©i.5 
in 1 oro-r b y y ^ ^^{c^feco^**^ 1 1 Sriae* 

[0194] m 2 0 ) -era:, ( 1 1 g) , m& 

(11G) , tfi (HB) , *3itj«2ocoefe ( 1 1 
W) ©LED 1 1 fcEEL-CVSo (0 1 2 2 ) ^Tift 

HJLfci^t-, ; e;^o©s^^2 l^fflv^ij-g- 
^/^/V2 1 Sr^V^S-g-rafifecDLED 1 1 



[0 19 5] gfc, ^-/vK^-X^V^/K^i-Pi 
S-r3%©T'f±^< , r*<fiBtW^R, G, B©LED 

[0196] (020) (MttS) 1 5 xm 

few h y ^^khsjo-o^^, z.n\cmfetz> 
(H2 i) (c^i-j;5 \c^mm(Dj&<D 
mm^mw^x^x^o ^mm^i-^r. ticxv, 

#^ b y ^^^»*^$|5^bJlffl§|3*-e»Eg8t^±S-i: 

L < iiSEB*-f t i v ^ n b r±H 5 * X h * v \ 
[0 19 7] «_h©IIMMra, »f*El 4©II(;le 
Dl l^^fifLfei^fcoft, (0112) ©±5 
HSffll 41^*^1 4 l&S»&A/?t>J:V\ > #3fc 
«1 4irffl*& t tr#j££ LXi± (0 1 1 3 ( a ) ) 
1-i 5i-«J)ttel 4iCftl 1 3 1 fcflML, ^©Xll 

3 1 KSbtfl 4 1 SrSA-t-5*fi£^CT^$H5. 
[01981X1131 f*3i-(4, ^TtW 1 4 1 ^@£Sr 

±Srl«JiLT, *ittfc#l 7 1, mmihzwtitfti 
^12 6^»f5ri:^U\ ^ro^irra (0 
113 (b) (c) ) lcov^-C^^I«T'fc?>„ 
[0 19 9] £fc, (1113 (b) ) tt««©*3feE 

(14a, 14b, 14c ) SrffiV^fcSJ^e-efc 

5o a»3t« 1 4 ©sffigBiC < ff* (113 1) ^JgfiSc LT 
v^«. Stftffil 4©«ffi(craSlt«i 

5^rffM*fc(4IBgLTt ±V\ 
[0 2 0 0] (1113 ( c ) ) (4, &%t/t$. 1 4 O— 

ii, S*l=l 4 1 bflS^Lfcftrasgft&l 

4 b <D^mmi-6 0 Lfc^oT, 1 4 fcfflgij 

[0 2 0 1] (El 12) (HI 1 1 3) }^*5V> 

T, 3fft«l 4(cra7Cl 1 3 lSrff^L, rcDTCl 1 3 

lici^co^^^gaef-s^roi^t-i^L/t^, r 
Wr[Rg-rs%w-era^<, l-ocDTCi i 3 i kr, 
G, B, W/£i:'<D»)tfe<DS3fe i ff^iaeLTtJ;<, * 
fclocoTCl 1 3 1 l^it»co^co*3ttfSrSagLTt 
iv\ (131 1 2) {CiSVT, 4 1 at: 

R5S31£, Hlb^GMv 14 1 c^BMtLTt 

iv^fcttvsi-efcfcvN, *3tti4i«sag 

~ (*5^4) coH^^gfgjigffl^tL 
LTfflV^Tt 4V\ 
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[0 2 0 2] ftjb\ #*fil 4tmW&\cmfe£ftZ>h 
TfciV\ 7°y XAV- h 2 2<DWth<VMM (.\UM<DM 
[0 2 0 3] U4^CDffMt°;y^P r £^^;/W2 1 CO 

PUS® JfM fyfPji t ft 5 1 ^e-T 

[0 2 0 4] I/}COV^TitS^^/K0H*t 0 y^- 

1/P = n/P d -1/P r («*7) 

P r /P d =2/ (2n+l) (#3; 8) 

©t§ -C*3 9 , n ^^Ct Wi t^T U'CDSSSft^'h $ < 

*5„ LfciJSor, (»5£8) &iRfc'tJ:5u:P r /P d 

[0 2 0 5] $k^/<^;V2 1 ilS^cotco^rfflV^r i 
as-CtSo (0 9) Xrmi^Ljti; 5 t-SbB^?r^»i 

N^e- K, K&^ffiSA^- K, ^ifffiftA^— K&ffi 

K^^MRJRA*- K, ECBt-K, TN 

[0206] wfs *&m<owri/**}v&£.x}, 
§ 0 (H2 2) \tt%me>&7ji/<*/u<Dmim-?t>z. 

[0 2 0 7] ^ftStS 2 2 2 (C}4*f [Slftffi 2 2 5 &Mf& 
3§Lfc, IPS (In Plane Switching) ^E— KcD|§-g-f± 

[0 2 0 8] 2 1 (Cfl^-f y^V^ 

TCDH**S2 3 0, 11^2 2 8#a5^$tlTV^ 

So 

[0 2 0 9] *tlR]S«2 2 2 !:7KI|2 2 1 Fa^fS 
AB£»»£*5o &AA2 2 6 t LT, TN?SA, S 

TN?fcp B , ^mnwMi, R&vmM&, ?xh**hm 

A, OCBfRA, .x^'r-f s^iftA, awfJy? 
?«A, K^#f«A PDffiAtflf.5) asffl^ 

[0 2 10] PDftAWftfc LTi4^-7X^C y^ttS, 

W- 1 l < r± 2 JHSfls^^*tttffr&* 

[0 2 11] ft&N ^3$^fc«fi,Wf*cD 5 ^> H«3t 



< , f-Ct h 9 V-^co^-vt 1 ^ y ?ftAaMftSL*!M4%& 
[0212] «fflgW»£ LTffiSBJ/i:*" !> ^-^f * b 

<, *Ky-^-£ urn, wygxm.v>m§,$. siffit© 

#>]£ LTmUfflffcttr* y/V^»Sg^^^ti, #(- 
4PD«612 2 6«r^ja-et, &l$&ffc; 

[0 2 13] tulESffBWftil, ^a*f*n 0 as 

1. 49^bl. 5 4 ©fcCD^rfflVS r bfrZ. CD 3; L 
<, ^"Ck, ^7tJSSf*n 0 ^l. 5 0H1. 5 3© 

0. 20W_hO. 3 0£TFcDkc9t£r;BV->5;: t^W* 
LV\ n 0 , An^±^<^5t»f5 > W3ttfe#Jg<& 
S„ n 0 , An^/h^tttLifBfi, »3t:tt«<t<*5 

</<e2>o 

[0 2 1 4] £i±or t^it^feftoilg**^, PD$ 

50^U. 5 3, d>0, An*S0. 2 0^±0. 30 

[0 2 15] tffllWWJjlftLfcB^CDjSJff^np 

5o $112 2 6i^S#^fPSP$|xfcBf^fSf B ^ (H 
^■tir-f) as-*-[p]icSB[P]L, «alii 2 2 6 coSJf n 

«2 2 6imm®'&mt?£z> 0 m^n p tn 0 t<Dmm 

[0216] P DftfUJi 2 2 6 tf(D^A#»COf>J-^t* 4 
0 9 5 X < , L < 6 0 fii 

%~9 0fi*%gg^J;V\ 4 0li%KTtfe5 tffl 

%et± t * 5 1 iis^f t ft a #±t 2 ji Kffl^irt- 5« 

•So 

[0 2 17] PDftA»7K«?«A (Bl^-e-f) 

l^TLSti, 0. 5/im£XJi3. 0 /imEiTttSi 
&4LV\ 0. 8/tm£JUil. 6)imE)lTW 

4 LV\ P DftA**^/V2 1 ^^Df-rSJ'fi^^g 
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if, R3fe) -fa. *««ffB»¥*ll^ 

ub4i*< 

[0 2 18] *»Wte^5i*5^#tt«* (PDM) 
tit. ^ffB^zK^tWIg, =*A, &JS*£^fcL<B:-fc 

% <d * jK v vWbI tiSg, ^±Ji $ ftfc h o&iW^ 1" 
fc, 4-5 4 3 9 0 i 5 fcffiJ.S t # V 

^HS^W-rSt©, Mf3-5 2 8 4 3^»©i 

(ncap) fe^i> 0 ajfiifcttwji^ 

•f S*3S, 4#F^¥l 1 -2 4 9 1 7 #§8¥6 
-34 7 7 6 5^MtJ)5. itu'bfcPDfc B B 3rlf L 
.So aft^SrBlRl^-tir, fc B B ^ 3 5 3 l^f fl!t*i 

^mstfttotPDii-caba. wis 
[0219] os?), p Dr«s fc itytmmmtm&f&ft 

[0 2 2 0] PD?«hKc*dV^T, £iIIima4«HfSS©¥ 

6oW4f, Si&Wifc&t?, 2 
[0 2 2 1 ] HigWI±©¥^^S&^£^&£>-g:5 

[0222] ^^^^fflv^T/^^tc^n^flgit-rs 

r t i<: 4. 9 , B m ©SB# 1 & 5 v ^i/^vofP^ 
t ^^H®M«-^iS5r^^ r t &XZ 5o B?W 



mEJLt2. 0 /zmfiATcOffiBI^iVV £ * L < (4 

0. 7(imfiU:l. 5 u mJ^T©fffl;4 s ;iSiaT*fc5 0 
[0 2 2 3] BSS©SB^rtfe5VM4^/KO§|5^rt 
©^S^Stt-taVPftO. 1-0. 3(iml45i? 

[0 2 2 4] PDjRiiJi©J&£#Ssi LT14, 2«CCDS 
SrJnffaA L < lil^ftA U *0-iS©)fllt* fc 14JR 

[0 2 2 5] Sffi©±tJi^»Sc*o-/l/^d— 
« B B B ^i«SgJ*^^ffi^«i-5*^fe5o * 

ffi^fi^*fc#, tt<oasEi:**JiftS»ffl|-CH:Ooit 
[0 2 2 6] ^coftii, ^MroJRftS^^/KO^SS! 

n« 1 wmorjmmm\cw^.tsn^ hoxm/£< , pd 
mx»mmmfm^frz>h<Dx»h^\ *fc, si© 

«BfJi t ^ 2 OffiaUg If i- 7 ^ 5 V ^ 14 V 4 ;V A 
^IBg $ tifc t cot? t &V \ 14 3 SKltfM 

[0 2 2 7] ^*J, *Bfl»#T?i4«HBS 2 2 6 14 P D« 

iotii^ibf L-fc ^*xtHS1"5 ! fccOT?l4/j;< , T 

[0 2 2 8] ff^sIJi 2 2 6 (Dilffte 3 m m^_h 1 2 urn 
E*T<0*5BtfS#£L.<, 5 Fjlr}4 5 /im«±l OnmK 

SXK^'f^lillS (H**D , y-^m-^Hl-RMf 
[0 2 2 9] m&M 2 2 6 cOflSJ?f|lJ#P t LT 14, S^CO 
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mihm 226 (ctstfrr < x-rtt<o-v#t. l 

[0 2 3 0] ]IJJ!t1S2 3 0 tSfiji 2 2 6 PjH*3 XlM 
MiM 2 2 6 t*j-|R]«l2 2 5 fS(t(*$6SJl2 7 1 SrffM 

-rsr tit^Tfes (i2 7« 0 mum (bbirj 
id 2 7 1 1 LxttTNm£ B m^*^mc%^hti?> 
^y-rs; K^oBafrfli, *°y t^-^7^3-;v (pv 

A) #cDfl"W^ S i0 21 SiNx, T a 2 0 3 #CD* 
[0 2 3 1 ] Jf6«g|2 7 1 ttmMiM 2 2 6 iIS2 3 0 

tasM^aro&Rih-f a&Afc&So itfrf«fef§if 2 7 

[0 2 3 2] 3=fc, *6Slf§r^-rtl!±\ *i§2 2 6 
WL& Ot^S^ }S ft 5 t V > 5 38 A t> fe 5 o - ft 

ii*f [Rims 225, H*mti 230 ±tr*r«jgni?i»is« 

oTV^Ttffii^Jf 2 7 1 T«-rSfci6i#X.fctL2)» 

ro^«»iS«AJi 2 2 6 fc»ffi1-5 £ k *Wi»Ji-5*»6 

[0 2 3 3] fc*5, *«ftT«lf^ffM-r5fe\ 
HJ¥i'±0. 0 2/i mjy,_hco 0 . 1 n mtD&mtf&t. L 
<, ^iCflO. 0 3 »m£k±.0. 0 
LV\ 

[0 234] £12 22, 2 2 1 fc LTfiy-y#7 

rtias-e#5o *fc*°y ^^t^/v^^/wa, pva7^ 
•j, ^mmxmmti-t, m^h<Dtmxitft<xy~h 

[0 2 3 5] — 7 4 fr? 2 2 3 y 

*£ft5„ ^»ffiffiS*Fr*wfta#:#JIiSHW*©P 
mfr«Jf t SrSEStiMB LT3fc¥tt& A 

mW^*7—7^ 

5*p/5A*7- ^/v^-t 5 ^ iv\ gi&©» 



I£fctt2fe£$t«#:#jg£a»e>ft5#5-:7>f 
[0 2 3 6] ^/5*/V2 1 i^utm-t&mzitRM 

KihSl2 2 9 (AIRa-h) ^J6$ix5„ AIRn- 
H23B©#j£&5V^2Ji«^fc3„ 3jfcD 

ilVMbtu r^Sr^/v^^-htnf^o 2 

ft, rft£v=r-hi:iff.£ 0 T^fa-htva-Hi 

[0 2 3 7] h©»^-tt^t:T^s:-^A 
(A 1 2 0 3 ) 4:3t^«iJBE©^nd = a./4, -^3-7 
A (Zr0 2 ) 7yftv^->i7A 
(M g F 2 ) £n d 1= 1/4^1 LTffM*f5„ 
ltLT520nmtL< ©^©ffi: LTSflftt 
JBj££ft5„ v^-bco^ii-^ftv-y (Si 

0) £^¥te!ilJ?n d,= l/4 t7?fl^m*A 
(Mg F 2 ) t>L<liifW-yh!Ii7 

A (Y 2 0 3 ) t7yftv^v'!)A (Mg F 2 ) %nd 1 
= l/4«MLt)fMt5» s i oteW&ffjmi&ftftt 

[0 2 3 8] ^rofifc, ^/^^©ftAftffi&SWSft 
WWBiriaetfcM*«l-SWKifcM2 2 9 £ffi*$U 

A>#y7V ^S*-Ct«tv\ M7t«±wSltK2 2 9 

[0239] mmw& 2 3 o (4 1 t om<rMww®ren 
^:i-5„ ftn, mmm&2 3 ozRtfimt-t&timcit 
&mmmfahft65iittnmxm^ : kT^i=.<?j* (a 

1) -^foavMiis (A g ) -c^-rSo ^n-fex 

^-TSo SltM©*^i4H^«S2 3 0«, ff« 

[0 24 0] *HK©^^/^^©pf^Bffi 2 3 0 icti 

<oumnfaiK< ftz 0 mzsMmnm&Ktito&tfh 

3;ima±l. 5nmKTtt5„ Z <D$mft-td b ®Jt 
[0 2 4 1] flMcD^tfci: LTil, H»tft5IB«(^ 
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ii, itrEsi^ a: v =f- 5 r t ic x <o %/J^ ft mn&M 

fig-t-So n CO Dfl ^ fc ttiiSB (c Bf^«ffi 2 3 0 ift5 I T 
OtL<ii^«#MSr^#tJ;i9»-r5„ tb<«:iiff 

SH*S3S* 1 43E^o t , ft ft e> M^tt" S DO 
[0242] H*mtl 230 as8ifl3i0>#g-e;fc 

!4«!)*^&5„ rra&^-eAAf^IUJT U S^a^h 

[0 2 4 3] *>fy^:^3R^»:?Wgh (T 
FT) ©fc 3Mg^*— K (TFD) , !)yW^ 
— K, MIMf©2!SW > foSVM^U ^rty^ 

y = - % -r^asWfls L-fcT" 9 ic i tj ifof B ]f 
Mr 5 Sffi SrfMffl-f 5 Xy7 K U y i/> iffiMi 
(PALC) 5ftk^&<fct^»tiA^*5^ H** 
ti&^Sfe-tinSo oil), ^^y^^^*^** 
flH-Sfctt^W y^^nr*ft«3i**r. PALCfi 

[0 2 4 4] fjfc, £i L-C*^B^«**/^/W2 1 (4 

/^Mift if © ^S H e H Srffl JFM L fc fc © t &fl?ttttffl 

[0 2 4 5] y-^S2 3 3, ^iO^'- Mf^lS 
(H**i*) (±, m&M 2 2 6 ©JtfSS^J: 9 ttev^R 

1M2 2 7 (£A8, ffifim^llgtlf-S) T**«£tl-T 
V^ 0 ^<D$Mnfc$& 2 2 7 iil«fc 9H#Sffi2 3 0 £ V 

2 2 8^«««ji|S^&t>f *Ji1"^i:SrS& 
±*fci4$iJ#PLT^§ 0 2 2 7 £ LTtt, £ 

{tvyay (Si N x ) , Pay (Si0 2 ) , jK 

U-f 5 K, ^l) fcT~-r — ;i/7/P3- /v (PVA) , ify 

TFT, y-;MS^ft£KJ;5P0[S&¥»r5¥i1Hfc 

[0 2 4 6] 16flS#;Jf 2 2 7co-a}4^-jK>-^cD31£ 
® JRW^» U WIT' yyt-rhV <y?xbLXi>i. 

v\ 

[0 2 4 7] aSSSffi 2 3 0 tiHSr y-^ff -^-H 228 

hpspeS] ^ & cojtmn&te < ft s„ 



[0 2 4 8] m^afflwft^e-efc^nsw 

iMI»t5rt«5t^5 0 MilS2 3 0O 

[0 2 4 9] r©3tSti/5rK-ifc-f5fcfe, (B2 2) t 
*t±5l^7y^-7HJy^^ (BM) 2 2 4 b SrJf^ 
^-T5„ BM2 2 4 0»rtfilfiLT», T^y/V«tlg 

*> 5 ^(iiW^Wfll* K&Wl Lfc t> K> £fflv ^X 

U 7Jy-T^^y-2 2 3»#{C, ify^V-^Tj-^V 

[0 2 5 0] «_h©#)|sf}±-f^'rHfe<D#J|s|--efc5^\ 

■ft Lrffi^^5^i^•H:ri^tlS£SJ^5'^>©•Ctt3S<, 
R*^p-f'5^fB*^^/KOBM2 2 4 t LTiiR 

[0 2 5 1 ] LfciJSo-C, £*&ffl^-C^&Wli&ifeg, 

fctx-if, 7y*M, 7yh7^;yM, 

7^ni/7=y^ HJ7xs;M^yM4i^^ 
®^Dftl«, , t»t<ii^^bro5fr»2a*^±^l^'a- 

fct^fi, AW^^firofct, BM22 

4Srj|feiC#fe$-|±5 0 BM2 2 4ro3fe®J|K*}*l 0 0 
%(ciftv ^ h L V r b 5 * ft V \ K»tK* 
#5 0%&±T?#*LV^»*#;fct<JS»£ft5. 

[0 2 5 2] *7-T^/V^ 2 2 3M%ft#$|5^|pJ 
tftSfcfc, S#$Pi-BM2 2 4 a &Mf&LTh ±V\ 

[0 2 5 3] ftfc\ BM 2 2 4 aii^nA (C r) ft if 

^6 0% < tteV^fcfe. «hh^/^/V2 1 SrSltffl** 

sg©7^ h/vvy'i lx ^^m^mM^m^-i- 

[0 2 5 4] KkT, (0 2 3 (a) ) - (|24 

(c) ) ^#,BS,bft^f^ <ftfc#3tM£^S«©5-r h 

[0 2 5 5] S^/^;u2 l irfipfigWd^^att^ 

^Lft^i bXC-f *tlR]SS2 2 2{CtiBM2 2 

4*S^$*T,5 0 BM2 2 4.<F)Jfc$MP(b LTB> 
WftOftfii^^PA (Cr) ^ffiv^pJ^^5„ (El 12 
4), (07 9), (HI 1 4) TfcifWSWlf^SHt 
l'fflV^5 7-f h/VV7*t Lt©^^^2 1 
ft3t^Atti-5„ BM2 2 4 (cAitL/tAit3 l 6»4 0% 
(IBM 2 2 4^®lR$tl5fc*. ^/^/V2 1 (iiPfl 

[0 2 5 6] *|SIKcO^/^/K4BM2 2 4 a C0#fig 
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Unt (Al) £H£fflL.-C^5 0 Al 

*S&5„ — Mt LT, CrCOjfJ?0. 1 m mCO«3t#t£ 
r#5A 1 COJIJ¥fil /iniT'fcSo Ottl, 1 0{fCOffl£ 

[0 2 5 7] — TNSa B Bi*^^2 l&iffSMiH 

^S^^i-So lfci ! -3t, *ftR]SS2 2 2(CA 1 
£ffi^TBM2 2 4SrMt5tS«2 2 2 

[0 2 5 8] r©mS(-*j-^-f-5fcit>, 
^;V2 l!4*f[B]St52 2 2t*3V^r, BM2 2 4 SrflM 
-t-5fia(-[H]SP2 3 S^ifffML^ r CD[H]a6 8 3 £ 
«£>5 i 5(-BM^fiKLTV^ 0 (B115) 

1 0 \C mU 2 3 3 }4£E 2 2 2tU^Ml5 1*i 
#L (0115 (a) ) , ^--^Srfrofcft, 7 

(0115 (b) ) „ [HiacO^^liO. 6 nmHll. 

2 /xm^Tf'-fSo ^ C0[H]g|5 2 3 3CD^^(4i2/^V^ 

[0 2 5 9] ft*5, ^LfcBnHP2 3 3tS£m&btlX 
^■5fc«\ PMB2 3 3&j6ift, S«2 2 2(Ci4S i O 
2 , S i Nxt£if<DMW^^0. 0 5jim|i(±0. 2 

n mSir^mmxmM l-cjb < „ 

[0 2 6 0] rcoi 5{-ffifiSc$^/c|l]a2 3 3(CA 1* 
JRSKMIfU BM2 2 4%i^t5 (1115 
(c) ) „ Lfc^o-C, *f[nlSfi2 2 2c0^ffi(C«BM 

9KVi/?rfl5 r t fleets. 

[0 2 6 1 ] jfJIiOSCt, iiftt£&ft-h£-&£fc*, 
A 1 2 2 4 a (dSfer, C r fcSVMi^V (T 
i) &if^6BM(d&5^JS*Jg2 2 4 b 

(0 2 3 (a) (b) ) „ ^CD^JS^If 2 2 4 b«Al 
#112 2 4 a as*fffl«|i2 2 5 CO I T O £ fi&g&fc L* 
V^i 5 5a*fefe5o Alil2 2 4 aiITOi 
12 2 5«t5tfiftffl|cJ;f)Stt5^f>t'fc 

[0 2 6 2] ft*,*, ig(Ji-t-5WlgH:2JiKIS£-r5fco 
3lK±t»feii\ *fc, EMM'S MBS 2 2 
4 bi4^M»Jf(-PSS1-5tcor*t±^<, #-#>-£gs 
JP^^/tT^ U;vttl, fc5W±#-*>W&ifco# 
t»fi-i(s(-^6)*5*|g-efcJ;v\ (02 2) coi 

5ftftKJKJg2 2 4 bffl/TS^5, rjxf,©All2 

2 4a co^jf C0BMC0JHJ?\ fcSWiA 1 JjS2 2 4 a £ 
^SSf 2 2 4 b#£«lLfcBMcOjjgJi:t40. 4/imH 
_hl. 4/imfiTtU $ bldfriZ L< fiO. 6/imH 



_hl. 0Mm«Tm„ r^h (B2 3 (a) ) , (0 
2 3 (b) ) T*f4, BM2 2 4I1 BM2 2 4 aW2 
2 4 bT*«/£$H5^£r*Lfc;5\ cLfttHkT 0tR 

if, AijR0]wre*ffcLTfc&<, X, MScoWfl-^r 

fr&^S^ii, -««Jic:BM2 2 4 tflf^ 0 
[0 2 6 3] (Ha 2 3 3 i^^E±S^tifcBM2 2 4_kir 
if, ¥VtftJl2 2 7 a £JfM"f 5 (0115 (d) ) „ 

Wb«2 2 KDMfmnt urs, y/Mstffi, i? 

^-^tvi^— /msmi (pva) ^ifco^raws-fesv^ 
HtlMt^y =^ (s i o 2 ) , ifrypay (s i n 
x) izztommPtttz&'smistt* * 

^»t^^ycottfaiS:«ffl1-5 :ii}S»S LV\ fc« 
U S i 0 2 ^i'co*«#Si-±, S§&tt^fe<9, *7cJ£ 

[0 2 6 4] ¥»<tJg2 2 7 a (02 3 (a) ) colli? 
irLTiiO. 2/tm£U:l. 4/(m£(T»L<, f 
T*t0. 5/imJiLkl. 0 ^mJ^Ti-W^-rS-ir^f 
4 LV \ w (DW-mitm 2 2 7 a ±(^*t[R]*ffi 2 2 5 £ L 
■COITO*»rtt5 0 (0 2 3 (b) ) tt¥»ftJK2 

2 7a SrMV^*7-7^/V^ 2 2 3 Sr^fftJIf £ LT 

[0 2 6 5] W-WitlM. 227a, 227bSrSi 0 2 /£ 

^<o«H»m-e»«ufc*e-tt, ¥?nbi2 2 7« 

^fM-TS (0115 (e) „ ft*S, ¥»fl2K2 2 7 

a , 227b ^*«w^o*a-t, mmtm^fto r. t 

ici i?fi;»^¥jtlbK2 2 7 a, 2 2 7 b«f§5 

[0 2 6 6] Sfc, fficofjt LT, M 2 3 3 k: ma 2 

3 3cofg$ i 15 hW< BM2 2 4 Sr^Lfcft, ^ffi£r 
W*^aLT¥iflbL.Tfe J;v\ i <D J; 5^1-5- ii- 
£.<0WM2 3 3ldTiKBM2 2 4^^$tifc<£5*# 
^ii-Sii^-^tSo BM©^Si4*ttR]S*2 2 2CO 

^'y ^mmi-xm^^xmm^n^i-^\ ¥-m<t 
mmcttfanm2 2 5 1 lxco i To*«t5. 

LfciSot, ¥'^812 2 7 a ^^L^< Tt>^V\ 
t*>5A/, BM2 2 4^fif > JpJS'fbWtBilJfcSS 
2 2 2^^^ftft^ffi-t-5co^E5ifc-r5i:V^5*^^ 

(iKlMD 2 2 7 a SrHK^U 
ft, *flnl«ffi2 2 55rJfMLTt iv\ rcoSfigco^ 

fg-TS 0 Lfc^oT, Bl^Roi5t^<*v^JK-e i t>J; 

V\ ^C*3, *ffp]WI2 2 5 (± N ^h b h^^/^^/V^ 1 p s 
SS2 2 5 ?rffM*-f , 2 2 7 a JiKeiRjJRSr 
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[0 2 6 7] (123 (a) ) , (0 2 3 

(b) ) (ljb'V^BM2 2 4 [4, A 1 1 

[0268] mmti&mmtt%¥#rt L #ftm\z£. o #s 

Lfc^ot, ^< Atf*«M^ft^BM2 2 4£r«/£ 

[0 2 6 9] A l tfJftfcflfcffi (Ag) Srffi^T 

tiV\ Ag fcK*f*dSig[<&iJftBM2 2 4 fcfcS. 

[0 2 7 0] ft*, fiMBM2 2 4 i LXm%~fZ> 
»-a-t4BM2 2 4 §rffijt-r5«If»IfJ?«l. 0 M m©l 
_hl. 8»mgXThL, £ t * L < fi 1 . 2 w m£l 
_hl. 6/im£iTtt5„ 

[0 2 7 1] ifc, M2 3 3fflffi$[±l. 2(imKJ: 
2. 2MmPJTtU ^WtKlil. 4*im«_h 

1. 8 //m£(T}-i"5o 

[0 2 7 2] ft*3, (123 (a) ) , (El 2 3 
(b) ) 3ff[RlStK2 3 5trMgB6 8 3*J^ 

EfcU r©[H]$|5 2 3 3(£BM2 2 4&#It5i L,fc# 
r*T,^RSgi-5fcweH*<, *H*]g«2 2 2 icpa$c 2 
3 3£^J$1-5n ift< , Al, Ag, %m<»£MM 
Si, &5^S : F^K^bi'i5BM2 2 4 a, 2 2 4 b £ 
J&£L (El 1 1 6 (a) ) , i©BM2 2 4 iii^itft 
J£ 2 2 7 aSrMLtfeiV^ (1116 (b) ) , 
^4¥m-fb^2 2 7 a©|gJ?H:l. 0^01:3. On 
maTtU £6>K:$J*L<H:1. 4 fl mBJ;2. 4m 
m£kTlC-T6o X, 2 2 7 afrj&£«, ^ffi^ 

ifLTfc^^ (01 16 (c) ) o W^-TS-iiCj; 
9, BM2 2 4comJt2 J [±/ < e</j;i9, *fP £ nS«2 2 2cD^ 

5 (0116 (d) ) 0 

[0 2 7 3] (02 3 (a) ) , (023 

(b) ) *f|RlSffi2 2 2KBflHP2 2 4Sr^L, 

[H]|2 3 3(;BM224^St5J:Lfc^ rftfcR 
£-T5 &©-?}*£<, 7WSS2 2 1 3 3 £ 

JfMU ^o, BM2 2 4 5rJFMLTtiV\ ;!©*§£- 
f±, BM2 2 4 _h(cy-^1f^2 2 8 fc5VM±, TF 
T2 4 2m&te!ffi-5o ^©«C 7W1S221© 
2 3 3£r)fe!cU ^©[H]§|$2 3 3{CTFT 2 4 1# 
SrffM-rS^ tfciD. Tl"f*K22 l©*ffit>¥» 



(0 2 3) tr^-f J: 5(-*]-[b]£«2 2 2CBM2 2 4 £ 
^•f-5&HB:£v\ ^t, 7WSI2 2 

1©|H]S|52 3 3£r)fMU ^©IHS|5rtty-^fl^2 
2 8l?©{f#§i, TFT^Sr^J&LTk iV\ *fc, JP 

st«2 3 o£j&£-r5„ 

[0274] BM2 24i >?tfR]fllffi 2 2 5 t fl^fBft 

<ii»SU\ rtl!4*j-tR]®ffi2 2 5BI TOfi 

2 2 5©] TOtil»f>45BM2 2 4 £ Srglst 

M-f-S^a-tt, BM2 2 4 b t*f|i]lS2 2 5 fctfSg-f 
3ffi3r©¥i1Ht*l2 2 7 a ^^^'ftificj;^* 
U BM2 2 4 b ttl"ltS2 2 5 WfgitS i 5 
(-*J?£-ftUf ±l\ ^©#)*©»im, BM2 2 4 b|i 
Al«^©«"i^S:SSt- 5 0 m»tJ;5JlSASrBSih-t-S 

[0 2 7 5] T Wf»£2 2 HUT'Si, V-^ff 

^2 2 8 Jid^yfftH 2 2 7 b £r)lMU tf>o, y- 
Mt^r^k 2 2 8 ±TB*mti 2 3 0 <£ 5 i-# 

S2 3 o (ommu^h(o^tmmi^.< &< 

[0 2 7 6] L^U r©#S\ y-^fM2 2 8 i 
Biffi2 3 0 t©^i^t<45„ 

®*i IRI K PPJJJ*- 5 SWtlff ^-©ffitt £Kls £ * 
(0 2 3) t?(4TFT2 4 1 if CO, 
KHR:*fifc*J^ri*lfcL-t^5. *fc, TFT 2 4 
1BLDD (n-- K-fV^- KW^fy) WjfiKrS 

[0 2 7 7] TWfS«2 2 1CTFT24 lt£}£%& 

mk. mmum^^^^^mitm 2 2 7 b srs i o 2 4 

2 2 7 at ^#i^«^i'&5V^i4{b^fe b< 

«Ji-fr5o s i o 2 T-Trtft:If 2 2 7b 

fc»&H:, s i o 2 mmm^bf)^^tc^mmmmm^ 

[0 2 7 8] WIB&aSrfTofc^, 5p»^2 2 7 b iC 
TFT 2 4 1 tpj^«^l2 3 0 ^8^3^!?^ h 
7b-/U&MmL. ¥vt{bSl2 2 7 b_h(Cpf*S«2 3 0 
fcJ&fcf-5o ft*, ¥'/f{bM2 2 7?r^y^ 5 KfttcD 

fbM2 2 7 b%JfMT-t5r ti±H5*-^tftv\ X, 
TFT2 4 1_ht!4, y-^ff ^2 2 8 
hft-^Hco^M'eJtetJf SrJFM L, T F T 2 4 1 t3t^ 

[0 2 7 9] WiM>m 2 3 6 ?rj5fS:SSJ?(--r5fcfe(C, B 
M2 2 4 Ji&5V^i4BM2 2 4 tait57W 2 2 1 
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±.imnmmi> l< ji, mmimm^^^2 a 5 

Sr?fM-r5 (0 2 4) „ S©W$**ftJi2 2 6CDflgff 

[0 2 8 0] $k^/^;V2 1 (£[4, (HI 2 2) Id 

0*Lfc4 5>(^ K4tS6Jhit2 2 9*^rfH-«, fcSv^ 
J4SltB6±*«i 1 1 1 2 et'^f^ 

/V^y^y V^SitS t iV> (0111 (a) ) „ 

[0 2 8 1 ] icD4 5Wf$-f Si t id J; «3 , 

a- 2 1 t^tro#ffl-csMi-53fe^ai«!isn, »w 

[0 2 8 2] £fc, S^^^2 1 CDgffilC^^fl-jf 
LT t * * y - >-_k-eH« L&v ^ V ^5 f Uj£ *> So 

(Hill (b) ) }4*^^V2 llc^^BU'X 
S« 1 1 1 2 9 tttt/cSfiScTfe 9 , (El 1 1 1 

(c) ) ttW^ciu^XSfil 1 1 2^RMKitS« 
2 2 9£#0fl-ttfcS/£-e*>5. 

[0 2 8 3] (123) tfc^T, Iili2 3 

SltlCi'n-tt (012 6) (013 1) tPi* 

Lfci5m/=' d fy*KtLT i t>J;v\ (02 

[0284] (0 23 (a) ) ~ (0 23 (c) ) "CIS. 
WL1t*mW<Dit^<*fr2 lit, SttS^SBcO^ 
b/W^t LTfcttT{4&<, #38930 (015 0) 

yKv^yhf-f^/K, (0 9 1) ffltfft*^ 
5, (0 9 3) & 2?<a«ttflnRJire, (01 0 0) CO/^ 
— y "^A- 3yfa-^5^ {4Mf§7 1 U' If ft i?<D&7FS< 

v\ y_hoi5K, #*i3)3o*^^£ffi»#?PJ3cD 
BMfc^Sltft if^flftffl LT g 6 Kfl*f£T?§ 5 r t f4W 

[0 2 8 5] (0 2 4) (4, (0 2 3) OfUfiScfCdPx. 

s„ *f[^a«2 2 5±.icmmm iiim 2 4 6^ 

»&Jf 2 4 6±t#iP»a (Sa»i) «S2 
4 7^fi!c£*VC^§o 0*19, *t[R]«ffi2 2 5 ittSD 

*i««2 4 7 5rmst Lt^yfyf^^ti-t^ 

So 

[0 2 8 6] #Jn^imS 2 4 7 tKW VST- 244 
i:i4^S*if , »3fS#:W»^b/<e5g^2 4 5Tg$l 

i4, #JP^S«S2 4 7 tMfanM2 2 5(^1^ £;frS 
t»Ti4&< , #JPW*«ffi2 4 7 tBM2 2 4 t LT 

t i v \ * tz. , mmmnm 247BH04 t^mrn 

HflTJfM ttt±<, 4 fc^lflfl-t-JfM LT % 4 

[0 2 8 7] SM§I5 2 4 5 [4«S,Ji 2 2 6 SrSfSJRfffc 
ftox^ft LTt>*tg-TS„ SM$G2 4 5f4 



#~#>^&flMLT&4v\ 

[0 2 8 8] £J(Ji© 4 5 fc*H6]*« 2 2 2 M^ttflP^* 
£r)lM-f3®J4, lit-l'XW^/iStTWIi 

2 2 lfl!lt#Jn^*Sr^^-5^'<-f-*Sfcix*<** 
^TfoS„ t^SA>, ftJP**S:TW£Effl!lt hv 

Op^Of^P^i^ffM LT 4 V \ 
[0 2 8 9] — *\ tlRlIS 2 2 2 _ki4*t[R] WI 225 
iBM2 2 4^©i^WS^<, ^tS2 2 

3. 

[0 2 9 0] ttJR^ilft 2 4 7 (4 (02 5) (C^-fi 
5CBM2 2 4Mftf t-S$*t^5r t^ff 
* LV\ #iP^iS«2 4 7 fc&SWiftT^LTt, 
lln*;>>Mfi;TL&l^e>T&S 0 tt*P^*S 
S2 4 7^I TO^©gBjmffiT*flM-f S#£-f4, H* 

im X(D±m^t>Tz <o , ttM&mmm 247 ^jt-rs 

r i^Tt So 

[0 2 9 1 ] &mM2 4 5(4 (0 2 5) 0>j&»3Bfc)fc5 
4 5 i^fifc-f S» ttAP^filfl 2 4 7^IT04 ifT^ 
^$tiTV^S#-g-i4, S!V^c*S^§|5 2 4 5 t I TOi 
Offlikftbil\Z<\,\ %<Dlt$>, Wi%%2 4 5 fca V^ 

WTffM LT*5 < r t ^W* Lv \ 

[0 2 9 2] (0 2 6) (4, (0 2 4 ) ro«J^CD^«[Hl 
Sg0TS>5 o V-^fflf^2 2 8 ty- 6 1 

©^£«l:TFT2 4 1»^$n5. TFT2 4 1 
COy-^4ST-2 4 3i4y-.xj=-§-^2 2 8 fcg^ft, 

bffi^-2 4 2f4y- Mf-§-H2 6 1 t^^fLTV^ 
So TFT24 1CKW VST 2 4 4 i4H^fl;S 2 3 
0 «tS^2 4 5icg^£ixT^S 0 *fc, KWV« 
f 2 4 4f4H*mS2 3 0 fc^^M$^^TV^S„ #*P« 

i«(r B B©-^©#ffi««{4*flR]WiTfcSo 
[0 2 9 3] *fc, (02 6 (b) ) M^1-.fc5fc*f"lRj 
tS2 4 5^2 4 5 a, 245bt LT^It1-ti(4#iP 
«S t , «f B tfigij tjf S ^(4*J±Sr 

OT-rsr t^TtSo 

[0 294]olO > a*fci4bST(C7^"/kK (7 
u-A) Si^^-t-Sil^-^M-fSo a*fct4bST 

\m ttsma-tz - 1 14 <o , B*m«2 3 0 cds^^ 

tS^-CtSo Lfc^oT, a*/t(4bffiT-t®*«S2 

3 0(4^©S:tjfe^?)l;jE (1. 0V~3. 0 V) ^ 
TOP$^S4 5(-ft-^-5rTO-rtL(4, y-*«-JH62 2 

s fc^Jn-f sflr-^tt**>&^ 9 «£E^(s< -r s n t *s-e 

^S„ ^Ofcfey-^ K9-f^I C»ffi-§-SB$r/h$< 
Tt Sa»felB»«*Srfi«-Ct So 
[0 2 9 5] (02 2), (02 3), (@2 4) f© 
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mmmxammnm 2 30^1 Tom^^^^mmm 
Sii^ ^xhKM^4 yx-b^-r ti-n t#*T?s s. 

[0 2 9 6] (027) f4H* 2 3 0 ^SttM»^CD 
*16M-e*)5o U*»U S*fH*»-a5icHpg|52 7 2 
fcfi-L-o^o rroP8P35J; ^s/^v-f M 6^f,ro 

*^?iau mmmt Lxhm^^tbx%?> 0 mc 
SfTaH 2 2 6 ^ p Dm^m^-i-i^m^M^m^m 

-e*>5o ^©rt£>, /h$ftBHnSB2 7 2 

[0 2 9 7]ft:fc\ (H2 7) T*f4# 7-7 i" /l^ 2 2 
^tg-fSffi) fcJlMk L< iiSflKL-ct 4i\ 

[0 2 9 8] SWlf 2 7 3{4^E£TA'$~'7A (A 
1) , ^nA (Cr) , &m (Au) fcL<i4, II (A 
g) TJfM£*vT^5o *fc, SK2 2 1 ico«*145r 
fl±£*5fc*^<£>3lSk:4!9, (Ti) , 

A (Cu) 4 JfwIiro^«W^iti«Lt^ 
5 0 Sfc, Ritil2 7 3tt»1tff#Jiiti6»fe*5T8« 

[0 2 9 9] SWK2 7 3Wgffi}C{4S i 0 2 , S i N 
xftif©ife»^2 4 6riS0. 1 n mglJ: 1 m mgATdM 
*-CJlM$*VC^5 0 -Wlfeltlf 2 4 6±(C I TO^e. 
ft3®*Stl2 3 O^fiScSHTV^o i«B*«S2 
3 0(4 (0 2 4) 4 1 

t LTCDTFTCD ta^tVO^o 

[0 3 0 0] 7 3i±#iiSSi: LTtttl 

tgt-5„ ^rcofcfe, SMf 2 7 3i±#iieS»Sf>iir^ 

5 4 5 t^^/v2 i cD^jalsp-e^Wtvi^^ti-c 

l^3„ rcD*a«flcD«{4t{4iiif l-*f[R]*ffi2 2 5CD 

(4, ^©p«#:#iilf©TSt>L<{4±Jii^^Lfca 
iMS (i to) /SS*ilS«i:ft5, 

[0 3 0 1 ] j£7t, ffiWWS 2 7 3 t4ffl P35 2 7 2 J^l- 

1-5t»-ei4^<, -fpcogMa^abT, ^-BliK-xf 

»®BJS£flt L"t\ SltK2 7 3 J^iSii 

[0 3 0 2] ft&\ SMS 2 7 3&5VM4|i|ig«S^#: 
A 1 , C r ft if^JR*JR**< 5 £ 



MP SB 2 5 2 ^SiMJfM-T5^Si4ftV\ ^flefcLT^ 

[0 3 0 3] £fc. SMf 2 7 3 fe5VM4BJSaS2 3 
0 (-^M#SISfci4|6»Mt4 5 fc/hftiMBSrJ&S-f- 

D!]|a5*fcB:i!!i»Sr^-r5o i»M£fcf4fl^Stt« 
ffi£ft5£M#H£i«i-4i9JfMU Sltltffi t-f 

Sc t l< immmannmnm ft 

[0 3 0 4] «_h»4 5 fcHS:;fcf*i!!j|&fc&JS?Wg&J& 

$1-5- ti-4 9, [H*fci4ia^(75g^as^4gHa^ 
ot, ftfetd^ft-t-sniiia^^ff^-etSo ^©4 

Zb&X%?> 0 ftdb\ |UI[D,(DS§}4 0. 2/zm£U:l. 

5 n sxr h -tz r t aw* lv\ 

[0 3 0 5] Sfc, B*mS^3ii§£(D©-a-efeoT 
fc. ITOMlfetfiU SMSr«-r5^t(43!) 

h*fci4m^^[p]-h-r5^?3T*&5 0 

[0 3 0 6] ftfc\ SWSffi 273ic^272 Sr«"4 
S*j3fei4, 7^2 7 2i455^ft7tc0^^^*-45't,O-Ci4 
ft<. 3taaH4Sr#f Sito^-efciv^ )t<7>5ti:t4) l 6 
i®J§tt^^"-rStV^5it*T-fc5 c . fct^LfJ, ITOft 

KfcJ&SU mil2#M»K^3i5/f-v^L-C7t2 7 2^ 
^•fSo w<7? I TO<D"K2 7 2frbl*/<y?y4 Yfr 

2 6§r3f;^p-r5„ 

[0 3 0 7] «±©«^i^4!9H*S«2 3 0 kBUttm 
2 7 3S:flt Ltfi^i2 6 2«^jT,5„ bfc 

iff2 6 2 t Lr©^ltgtSr&t)*T^orv^5 0 
[0 3 0 8] ftfc\ (12 7) iCfc^T, 
^ 2 2 3f4A0O^^J?< t> L< i4^,MaSrft<, B<D 

^4BSRgP2 7 2^^©*^AW1-5^^T?fe5o 

"3 A©g|S^!43iiMi L.T«t6f 5SP^-e&S^b*9 

(4, RW^t LXmrn-tSttft-thZfrb, Alt*!42 
W37 — ~74>^$ 2 2 3^S3i-t"5o Lft^ot, Sifi 
Jrttt LT 1/2 cDilJ?-? ^-cDfe*ES Sr^ 
^retSo LWot, *7-7>f;^2 2 3®DW 

<tt4V\ Old, 777 — 2 2 3 t4^*fWS 

[0 3 0 9] Lfciiot > ^3iitt«»^/^^T 
14, |P||i2 7 2c0fuBi-*tJSLT7J9-7^/V^CDJI 
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[0 3 10] (12 7 (b) ) fi (@2 7 (a) ) <D($ 
M®$&mxh6 0 B»aS2 3 0 bMfa9M2 2 5R,1f- 

a»m«2 3 o tR%sm2 5 1 %nmt Lttiti 

[0311] ft*5, T F T 2 7 1 & , ffjg ?4 F 

(tfd) &5wt, ^y ^^cD^co^-f y^-yjfM 
^xhxw 5/^-^*^-2 7 1 iiiocopi 

JfcTFTIJLDD (T3— • K-t°>^- KWf» m 

[0312] ^©±5 it, RJt#*-e&3Ki#* 

[0 3 13] &:}b\ B*«ffi^-7 5 7-*fi£t Lfc 
[0 3 14] &3b\ 

ii*- K-Cteffl-f-a t 2 2 6 trfflin-f 5« 

(*ft«SrKii1-S«ff (V) -MS 
Sii (T) »ttftaftfe*5) r tttWgbT'fcSo ft£i 
«^/^/V2 1 SrSii^Hi LT^ffl-r^ i t bBUttVi 
MXi&RltZ b%b -CttA4t*«)»lftlttft if^H* 5 * 

[0 3 15] -jR»tSia^«-e'ffiffi1-5 i f (4«r*» 
aSr^t U-C5fiIffli-5fc»**Ji«)t(:a«»l*iftJ:< 

*3v ^r** e*^-e wjp-t s «e&<b < -r 5 
(iLhtftynmniTb-rz) . fcix.ii 

mi±^2 VT'fcftfil. 8Vftift-f5o ®icit^_h^ 
9«±£Ltf--f3 tit 2. 5V4if|:U ffli2 2 

[0 3 16] SJWS!-e*Jffl1-5ttf4«*«fcSLi:«f*lk 
t>, t*e^t«ltPPiDt5«±^ l ii< t5 (« 

h<Dmmrty^-7^^ yf-bmm^^moo 
[0317] vvfi-u-it-i, ^wmmr°m^-tz>&mm 

-fSif-CiiV (BttnmEE) -T (if®*) #tt£r»t: 
[0 3 18] V-T#tt©i^#;UiJSi$tWifflROM 



y-f hSrWaett^fl- Loo, ^/^/V2 l£SttM 
T'MV^Sa-^fe 5 3 5; e© 1 1 &BU© R OMSrSMf LT 

[0 3 19] jJ^-T'flllH:, ^.*^f<D?sa^ 
fcHr^tf-pfctiiU fcffi£*i,;fc'7 f - : ?&CPU, W 

a^^t'©s*^a#Sfe5vMtROMx-y>-t^a 
LTfr*.tf*5-e*>*. 

[0 3 2 0] ^fiHtt. Rfift&aepH-S^-K 

m&x\ $.tcm.&'&t> j &xm^6<, ^rt^e), 

fift& w * © P D %A ft if Srffl v * T h i. v \ 
[0 3 2 1 ] Sfc, tt^offiUfe U< M:IS©ffi«Sr* 

[0 3 2 2] rtUb©^^ «^*/U2 lKTJtf 

lFs/hStelgft. 17^-/VKS©E»* 
if) <Dmm\^^xjiy^iJ~7*z^wtz>^bh»^. 
lv \ - tuimmu &w <o m*. * 4 ? ^ t $ 

■7-f h^t/— ?y s/^^-C^y^*-^SrlE 

[0323] KKteb^j£%m^*^m^m^m 

[0 3 2 4] ^77 7^f h%M7 t P\-£%7F'*jVl' 

[0 3 2 5] P D?«ff B /j; ifO^PJf 2 2 6 (-jftg LT 

ma^M-r5rirt±!9, ^^^©miwi&jE 

[0 3 2 6] ftfcaS t i±> «HJi 2 2 6 T'teffi-TST 

y y fvmfe^z yw$L=t*WM ^t'%(Dtm^ $ ^ 
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5„ ^5jf=Jr^«fIg^l;SL»iT-$r^JlPLfct©, 
1?7^y«Jl, 5 K»J», :r7n ^flflffi, 

esws ^©{^^©7-y y/nfjitc/p" 

[0 3 2 7] ±1B»S«SL*B:, (0 2 7) 60 IS |r] Bit 

*fflLTfcj;<, KtRlIfi: #7-7^71^ 2 2 3 

MfcJ&SLfclK EtRlJf t?«S I S2 2 eMKy&SLTfc 
H*WI2 3 o (DmWH&fa^X h 

[0328] ?ir«sLS«iaf*7c(t^PS£-t-5tco 

tf-CB:* < , fc t itfffifiSr-^ * $ * 5 r t {r i 9 ita 
[0 3 2 9] £;ftb©#^#— T't-iai-S^ffcfcSS 

W<&flfero£jSSflt SaWSS^fill, *8v^yN 

fc, BUI* 2 3 0±fa%mi@iMb U *f[6l*ffi2 2 5 

5®^icHng|52 7 2£J&£L.fcfl|f£i LTt>iV\ 
[0 3 3 0] 2 7 3<DmaU2 7 2 t± (02 8 

(a) ) f^-fi 5(-H*2 3 0<Df^mcM^.-ti> 
ffi. (02 8 (b) ) co±5l-JlfflSl5(C^fiScLrt) ± 
V\ Sf; (12 8 (c) ) cDi5(-^ bv-f^t-ffM 
LTfc±l\, ^©ffi, R^(-#jSUfci9, B#2 3 0© 

mm^man>thxhi.^\ 4fc, 5WPR»i:©ff 

££PfingP2 7 2 i LTt> <£V\ 
[0331] (0 2 8 (a) ) ©fjtlC^^T, V— ^ 

Mf ^-Hi: rafSffi 2 3 o £©#BBS«& 
(0153) roB8#i-t5£fcttHS±©Wn | PTy7 p 

&)fmu ^mmi-rzmmmm^RMmmt-r^^h 

[0332] (015 3 (b) ) M^-fJ:?^ 7W 
1S2 2 1 Jifcl y-^W#H 2 2 8, 2 6 

P>©Jif;:¥?#JS2 2 7iS»i*jl5. 4fc¥if)R2 2 7 
JidBUfttl 2 3 0^^$^l5 o B*«S2 3 0 !±S 



r, AgfcSWl^Mtf^ftSSWMl 5 3 1 SrJlM 

-r 5„ sitm 5 3 1 i-mmmM2 3 owtsi-jiml 

Tt, Biltt2 3 0<D±\zM^X^EhhXh i. 
[0 3 3 3] Stt««2 7 3 fry 2 2 8 #kl 

SftS <fc 5 ^fiBi-ffM-fSo y— 2 8 »A 
^©7fc3il £ f: ic J; 

[0 3 3 4] ^SSSi*^^^-ei4Hlt«*i:aiilI 

£5SifiL.ftV\, ^©fc*y-^{f^2 2 8_hC>Lt 

kRM^«£ffMi-^«, Soffit L-Cffiffl-CtS® 

[0 3 3 5] Ifc, (0 1 5 3) t&VvCfc, BlitSS 
2 3 0 irSMIf 2 7 3 (fc/£U **** 

[0 3 3 6] m 1 5 3) <D£ 5 Cy-^1f^i2 2 8 

ii^afesrti^i^, y-*ff-§-ig|2 2 8^b©*# 
2 8tH**S2 3 0 troffi»Jias^:t<){i:5BriBtt 

dSfcSwe, (02 9) (0 3 0)^1-1216^^51 

J£1-5£:J;^o r©-tii(02 2) (02 3) (02 
4) (013 4) ©±5fcy-*flHHI (y-hfll* 
ill) tB*mS^S^oT^^5«l^)cCoV^-t%^«-e& 
5o (02 9) W©B»*l6Kov^r3«{cttHi-«. 
[0 3 3 7] (113 4) li7Kll2 2 1fl|t*7 
-7^/V^ 2 2 3eMLfc«t*5o (12 7) 4 

¥xmifamm2 2 2111*7-7^^2 2 

l*^<, (113 4) tfti5t*7-7^;^2 2 
3«Tl-f.»&2 2 mtJ^^LTt> 
[0 3 3 8] (113 4) t/7t£5K7WIS2 2 
1IHI4TFT2 4 1, y-^ft-^i» (0**T) 
^$tbT^5 0 7H'lS2 2 1_h(CftTFT2 4 1f 

ic j; zwazftim-tzfc&mmmmfr * 5 ^w-ftit 2 

2 7as»*$ii-rv^5. ¥vf{bJf2 2 7©*m, 

icHi-5**tt (023) (027) mtm— cs>5. 

"®¥Jl^tlB2 2 7aTFT2 4lJ:l:t«^ T 
FT 2 4 l©f*ajft^5fctt^&|fi;LTt«|g 
2 2 7 ±|: 3 M©* 7-7 ;V ^ 2 2 

3 (R, G, BtL< i4->T y (C) , -fjin — 

(Y) , (M) ) iSSjgjfciSftT^a. ft*5, 77 

7-7^/py 2 2 3(4 (02 3 (b) ) T'fclftlKbfcj; 
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fc, *7-7^M 2 2 3(46*3*2 3 0 _hi^^L 
TtiV\ £©#£•«;, Bit®* 2 3 Of4SW«ffit L 

[0 3 3 9] *7-7-f;V^ 2 2 3 UlijtfiM^^ 

>f /v* S^tt/h&Mfli&T&S-rS £ t In* 5 , 

-Y/^ttfetta^fctLkK v^fcft, '>i©lt&©?gA£ 

[0 3 4 0] *7-7^;V^^y-Xff^-|S^J:tJfM 

[0341] TFT241 ±{^i4, 77 'J/H-TJ-^V 

TV^„ r©BM2 2 4(4TFT^AIt1-2)^5rii7ti- 
5 0 *©ffi, BM2 2 4 tLTS (0 2 2) (0 2 3) 

[0 3 4 2] L^U BM2 2 4^»JiSr^i-5ta!l 
(t^JSiU^i-^. «BM2 2 4 t*«#tt^^v>/c4e> 
-CS>5„ Z<Dfc$>, (0 1 3 4) iZ^ti 2 
4_hiCtB*m^2 3 OfcJlML-CV^o i^ti2 3 

o^sbm2 2 4±^tffi±L, ujgrf.5 - t ^mm-r 

3 0 BiH1S2 3 0(4^^7 b*-/V3riICT 

TFT2 4 10h*Wy^«H5tHt, * 
y-y 2 2 3 _h£r*«-r-5o 
[0 3 4 3] ft&N T Wf S« 2 2 1 _hl-*iieS 
( (02 7) ©SiiatI 2 7 4 £r#«0 ^© 
#jIflMiBiMI}i2 3 0it*7-7^/^ 2 2 3?r 
f-ybV yf LtfcJ;w„ ^©#ii«HiB*effi2 3 
o t^#iP»*2 6 2©«tli:/ c e5o *7c, ^(D^mm 

*£KWf2 7 3 tt5i tlCJ:*), (027) 

©HfiSc^K-fS r. t ^-e# 5 Wh^>^ 

5 1 ^ ii^SfiM tc-r 5 n t & X # 5 „ 
[0 3 4 4] S^/^/P 2 1 (CW 7 n l/yX7 U-f 1 

^ m/yX7 l l l 2 ^#jp Lfc«^ (01 

2 6 ) iZ^-To 

[0345] if, (0126) z&m-rzmz. m 1 

2 6) ©S^^/V2 1 £5-f h/Wi LTfflV^fcS 

WMs^seto^r (0124) ^v^Tia^^LT 

*S<. 



[0346] (0126) fc&^T, 2 1 tt^^gPJcDS 
^/^/VT'&5„ *^<$/V2 1 (4KttMfc5VM4^3 

ffil^t— hv'V-y 8 0 5^^i9o(tttiTV^5 0 t— h 

fijtlf-^^^y y9 (PBS) 87 It 
t^/^2 1 £— UTKfrtft^ji^, rcD^f* 
rt*2~8^fE©**tf*«U i©**£r»£*3 

M^tToTfc 4V\, S^^/U2 ltPBS871t 
i4«S-£rBl 2 6 att:J;*)-#i£*vO'>5©-C, 
s<*>v2 1 ©jg|feffijfi«^f±*^gA-e-f , 7j^M£ 
*VCS t'TjS^fe IS T B#©t>T * i4£ £ 4 1 \ 
[0 3 4 7] (112 4) |»3-71©PBS 

£Lfcrt\ ^tL(-KI^5fc©-ei4^<, fiftOPBS 

^B^7^7- A-7?7-ft?t>il\ 

*S^J11 2 6 9i4Pie>-f Lki&gft%©T*(4#V\, b 
^L, ?fM1-S (IBE-fS) rttitJ^SftSI*^— 

i43tPJHXlI t L < iiTtBJiRWSrm 9 ft»tTS8 < . It t 

[0348] PBS871 ©TfcWWffit-t*, (fi 
)t7^/VA) 124 1^IB*-T5 0 r©i5i-ffi*«l 

2 4 1 £IBgU {Dtffil 2 4 1 ©ffiBfrftSfPB S 8 7 

^r[Bj_hS*5r tas-CtSo 2 4 1 14PB SIC 

E^iCi4t5o(t5 0 Sfc, IMl24 1tyyX79 
5 blBlctJt^Sl 2 6 bSrSBE-TSo ZOftti&M 
12 6b fiiiJttR 1241 ©^SPffl t LT fc«|g-T5„ 

*7t, tc^js 126b %wt»-f, yyX7 9 5 b 

M12 4 lFfliC7K*Sr3t±Atb<(4, Sl^tfi* 

[0 3 4 9] M7y/7 9 lfrt)im£Mt%l 8(4 
?4 9<as( ^7^7-5 3 3 {CAttfSo M7y7"7 
9 1i4^«ff*SS*T (UHP7y/) , ^/wv^K 
^rt/y^y/, />pyy7y7*iiMi^, 
*<oflb, /harojefflSWt try y^by-yvy, ?y 
if^yylyf, efeLED, ^3tff (?y7) 

SC«7^7 P 7 9 l^bScWS^fc^l 8©-§P 
i4Mffi« (»Cl»ffi«, fc*Hffi«!) 7 9 2t*SM$^ «T 

[0 3 50] ^7P-f-77?7-5 3 3B, 533 
G, 5 3 3 RJ4, Zfl^flJtl 8©^3ti6©Alt^*fB] 
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4#xi4y#%y — 5 3 3B[4f (B) ©* 1 8 B £S 
MU 5 3 3 Ri4* (R) »*1 8 RtrSMU 5 33 
Giig (G) ©*1 8GSrSM-r5„ PAVm-yV* 
7-5 3 3B, 5 3 3 R, 5 3 3 G[4«# Sr^S-frT 
IHB^tl/TV^Sfcit), *18B, 18R, 18G(43i* 

[0 3 5 1 ] (0 1 2 5 ) (4, ^©^^/^^/KOfltJ* 

<Dmmm-^hi>. mi 2 4) }c^4am*i sb(4i 

8 a 1 fcfcl), A*f*l 8RB1 8 b 1 fcftlj, AM* 
1 8Gi41 8 C 1 t/£5 0 

[0 3 5 2] lOCD-r^P 1/yXl 8 bt4 3ocoSM 
112 3 0 a, 2 3 0 b, 2 3 0 c (C^fJES LTEg^tl 

-o>5„ am*i s b i \smw&*&tz>frt>m-m& 

©£M* I8b2i/i5„ AM* l 8 b l t4SEdAM 
-t-5^felH-SK©S*f3fei 8 b 2 
[0 3 5 3] AW* 1 8 c 1 J4SMSS 2 3 0 c ti*f 
U ^iei-CAW-rSfcft, SMI 8 c 2t*5, 
— *\ AW* 1 8 a 1 (4£MS« 2 3 0 a leM U £S 
e 2 T*AW-f5fc*, SM*1 8 a 2 t^S„ Lfc^o 

"C, KM* i 8 b 2 iwr>*-7^ ^ p i/yx 18 6 ir.A*t 

tS* 5 , S»3El8a2, 18c2iiW^ol/yXt 
AMU&1\, AML&^fct^5 r fcfi, PBS8 7 1& 
iMtMl/VX7 9 7^AMLfti^r £trfr5 0 Lfc 
*So-c, (012 4) <D&MM.mmmU-<?fe&/*r 

[0 3 5 4] 

fc^Sr (012 6) fc^i-J; 5(-RMWS2 3 0 a, 2 
3 0 cJCgfSO^ftflaft^fc-ft-rflU^LfctOTJfc 
3 0 (012 6) ^{£:fc^T0ffif4 2 

»^4K#tm«2 3 0 ^!f± 3 L, 

1 8 6 V>y - KD */n^^Xfc(c:piS$ti5 > b6 r )-C'b 
ft< , ¥i/^Xfc5v^[±i«]tIli^^XT"b 4v^ ttino 
*T?t>SV\ *fc, -v-f^n i/yXl 8 6t±Eco/>y— 

-^fc-OT^f^n L^X£*l^;b*Tffl^Tt>4t,\ 

[0 3 5 5] KMfltH 2 3 0 at2 3 0 c 0 
3 (DEG. ) [4 2 g 6 3 g 1 2 U b< S3 g 9 
3 ^8t-t% 0 RMS«»jg#t4Sp?f'fliIl2 4 6 

xl«2 2 1 ^{L^^yf-v^fe5v^t««i^lJFSe 

[0356] (0126) CO 4 5 tKMHK 2 3 0 a t 

2 3 0 c tSrlSWTJfM-rsr fcK:4«9, AM* 1 8 a 
1 i4^-*/U4itfH©8S§l 8 a 2 «MU AM*1 

8 c i cosit*i 8 c 2 immimn^±nm-<Dm^ 
z^mmm-tz^-ticteZe ttasot, am*i 

8 a 2, 18b2, 1 8 c 2 [4^1* tlfcflVW ^ P W 



*Sl-ftii£-tt5 n t 545 \zt£%> 0 
[0 3 5 7] &db\ (01 2 6) t*3V*T, KMSS 2 
3 0 cCO^S0 3 tS*fS*2 3 o a®Me 3 tM- 

»fc£*T<b4V\, Sfc, 3 0 blct^lSSr 

Ot4Tt>4V\ KMWI2 3 0CO^Sf4fI^£* 

Tt4V\ 

[0 3 5 8] 4 9Jlfr6tl^i4 (012 6) <7?ffi)£}4 (0 
12 7) 6D0ffi0-C0?S£;}x5„ (012 7) JC^T 
•7^f^p i/yXTK 1 8 3 9 >" 4 9 p VI/ 
X l 8 6 U -v^ 9 n v^X l 8 6 <nth^&jfM 
U WM*l&m&tf7X 12 7 1 t^-;vKLt^5„ 
V/f?ovyXl86 ©^^jgBi(4^^-t-^-r ? p V 

yXiDWM (t L< i4*f£|*) ©2. 5<fSJiAi:5<fS«T 

Sfcfei^*t[p]mffi2 2 5 _hiC^fc(4B*aS2 3 0 id 

[0 3 5 9] L^L, (01 2 7) <£>4 5 t«J&-f 5 t 
$: h b bJI2 2 6©JKff^S^5o MffriWcCS t^7«s 
£Cfc>^ *^ff»^i£T^*S„ fciriff, Slt« 
tl 2 3 0 b ©Jf J¥ t j tSM^itS 2 3 0 c©i? i?$l><D 
mm t 2 iH*)S;5r tfcJftSo roKi^LfcO 
/JS, (012 8) ©fflf^T'&5„ SltSffi2 3 0±iC5p 
?t^8l2 2 7Sr^L,r^5. ZOUSKm&t&Zl: 

m&mm 2 2 6 !4-£roKJ¥(-1-5 C t 
5 0 (0 1 2 8) roT^-fblW 2 2 7W5-7^;l'?|: 
■t^T^4V\ Sfc, »[r]S«2 2 2}CSIt«ffi2 
3 0 tcoKPi?r*D-t-r5 4 5K[H][ni^fiScL-rt4 
v\ 

[0 3 6 0] (01 2 8) ©fifj^C^-T, sp?frffcit2 
2 7 ©©JMs^fotlJi 2 2 6 4 9 S< -4^1(4 (0 1 2 
9) iC^t-4 5 ic, AM* 1 8 a S45pifftSf 2 2 7 (rA 
MbfclSicfgftjti^9, K3tmffi2 3 0-CKltU S 
V¥iffbll2 2 7?rtbM4-5Ki-(4, iS^SEtffiV^m 
It)tl8dt45iifc-et5 0 lft«!oT, MI2 
2 6©^*|gSf*!-*fb, Tm{t;lf©|gif*{4 0. 0 5 
gJLkO. 2£ATt1-5rt^W4bV\ Sbi-(40. 0 
8^±0. 1 5^Tt1-5- tWJU\ 

[0 3 6 1 ] L^U (012 8) (C«jig{C45V^Tt, 
IIb12 2 6<£>g£J¥f4-)£l£ft5;^ «-B*S«2 3 0 
t*fl^mffi2 2 5*-effig|^^4i^^5i:V^5mM 

?«fBS2 2 6^<Dmm 

[0 3 6 2] rcO^M(-*j-45«fiSc^ (013 0) 
S. Hig«*2 3 0CDTJl(-¥?tSS2 2 7 -?$S»£tlfc 

SMK2 7 3as^*i^rv^5 0 

[0 3 6 3] (v-y F»S) 2 2 
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/^S«SrfflV^T[H]iI!j^ijSc$ti5o IH]ia©Sl^i±W& 
5VMi3fc£,TO-f S^tti^fi^o 2 4 6^^^ 

«fn-e$) 9 , TWI1221 Asaw©»^-r±3ta*s[ 
wigT&smitiijif 2 4 6 \mm(DA(Djjmfrtbmftmyt 

fc©£ffl^3&g;as&5„ 

[0 3 6 4] [HtO]M2 4 6©_k(£A 1 , Ag, AufcL 

< tmnti&nm>t>ftz>R*t!R2 7 3 ^f^i-s„ a 

1 ©it£-HTO£ 0.6// m^i: l . 6 M m£tTfc»J* 

£\ Kl2 4 6_h[:Ti, Crt£¥<Dfa<D®9.*Wft 
$*-C^©_k{;iKtJJ8l©A 1 , Ag§l:Wt5„ 
[0 3 6 5] SW^2 7 3_hic3py|ft:lf 2 2 7 Sr^-f 
5„ ¥ffiJB2 2 7©«fi&fi-*s|-, (H2 
2) , (02 3) *-CffiSI3L'r^Sa»e>4m-f5 <> £t± 

[0 3 6 6] Wfftlg 2 2 7±^K#^P>^5®^ 

«ffi2 3o*sEe$n5. *.it (mi 3 0) ©j;5fc:& 

gic ZXM $19M 2 2 5 ± L < (4, fcflRjWl 2 2 5 
T&6l/^4IIiJinffi2 3 0±(£# 7-7^/1^ 2 2 3^ 

[0367] (0 1 3 0 ) © 4 5 tflS fig-f- 5 r t (ci 
9 , ffc^I? 2 2 6 W&- bteZkkh im&m 226 
fc:[?;!m$:h,3«£fci&-fcft3. **s, Rtflf2 7 3i4 

*fcHltlR2 7 3 (4tt»*©«« £ LTftffl-r^fc* 

[0 3 6 8] 4 9JI#:6<J(-i4 (1113 0) ©fjfj5!c}4 (0 

1 3 1) ©4 5l-#fifeS^5o (HI 3 1 (a) ) -CIS 
TH , Ii22 1±laFT24 1«^, TFT 

2 4 l©KW>-ST-tSttlf 2 7 3 i #8M8SB 2 4 5 
a T?S^^^TV^5 0 $ t.(-PJ**S2 3 0 i^Jpitft 

Sf 2 4 6 bir&tfb^/tay-^ h^-^SriiCTS^ 

m2 4 5bTmm^tix^^ 0 ifc^ot, (0131 

(a) ) ©*/£■?»£!*£ 2 7 3 irH*m®2 3 0 ift 
iRl-W&i^frTVS. r©#-3\ (Ell 3 1 (a)) 

[0 3 6 9] — (1131 (b ) ) ©flUfc-ettKlt 
12 7 S^fiJt^&fj-fc^TV^So -©^trifTLT. T 
FT 2 4 1 CO KWVfif ilitS2 3 0 i ^Eg. 
mmM2 4 5T'«^{c:^Sttrv^ 0 Sltll 2 7 3 



H^mmi±t L> SWJf 2 7 3 tMitS2 3 0 

£ LTtt;ta&*£flfc£-f 5 0 Sfet (013 1 (b) ) 

<D&BD~?0rfi. 5 fc\ T F T 2 4 1 fcSS^i^M^ 

iifc«fifc«ws-*-a r. ttet. <o , s*fM 2 7 3 

Si LT, KWflf 2 7 3 i:B»«S2 3 0 Sft 
5#**fit U SttJf 2 7 3 tMD^lSt lActt 

[0 3 7 0] (0132) tc^i-J; 5 icHMJl2 

7 3_hl^/hfl§|31 3 2 1 Sr^LTt J;v\ B*«ffi 

2 3 o&s^hu KMJf 2 7 3±ic^mt?>m^amc 
itrt (02 3) (022) #-eta^LTv^©-eift 

WZ^m-fZo (B13 3) ttWftK*7- 

7^;v^2 2 3 i LfcfcOt-*5„ 
[0 3 7 1 ] &3b\ -7^ ? P I/yX7 l^f 1 8 3 }4, X 

Lfctf. rftfclESrS *>©•?«:£<, B#«?g^ 

«*) ^§^LTi^fc©©4 5f^^3£*?££ffl^ 

[0 3 7 2] Ifc, (01 3 3) ^MSoVvf, 1007 
'f^nl/^l 8 6(r*tLT3-o©SltmS2 3 0 

4v^U *fc4o£A±T't) 4v^r til-B"5*t?t>^v\ 

± 7t . •/JM',;;:* 2 3 0fe5 I M4JxltIi 2 7 3 £r 3 &7&t£ 
(¥*tt) l-t, Tsffv kVXl 8 6*»b©3fe^ a 

XI 8 6(cAW£*Si^5&?7ftSffite, lofflv/f 
^ n l/yX 1 8 6 \Z 1 0©pf^2 3 0 fc5V^i4SltJI2 

[0 3 7 3] i^.^;v2 1 fcffiWSh?fl§V^5»£\ 
(02 2) ir^-rAlJ-* 1 8 a ^SB**S 2 3 0 T?S*f 
L, SWLfcJt 1 8 b ^«*#©|g8 2 6 icE^Alt-T 

y-^y*y-rb (nw) *-k©s^-, mm. 
<D&mtf»%Mvxm^£tiz> 0 r©m*(4^^^/y 

[0 3 74] r©^gfc*j-LT, *|§IKT?(4^/^/y 
2 1©7 I cAltffiK (013 5) l^ti^^/UXAS 
(v'— h) 2 3 SrgaB~f"5o XAfi2 3 t4S*/^ 

/w2 i it/T^/^y/y y^^tsr t^wtL 

[0 3 7 5] 7" !J X^S 23at23bt }4^f ^^/i^ 
^=¥^y7°l 3 5 1 i^fTLTiae^lxTV^c ^=¥-Y 

rf\ 3 5 i ft^Jft-j'T'i 3 5 i tft»*$nfctr 

-X-ef*#$^TV^5„ ^Mt?/1 3 5 1© 

ff^ (WIS) a (4, l$H^^/V2 l©H*©*J-^g 

[0376] d/10SaSl/2 • d (&S; 9 ) 
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1/5 • dSaSl/3 • d (^S; 1 0 ) 

HDKLtry^H: (*SC7) («fc£8) 

[0 3 7 7] Sfc, ^yXA«gf 2 2 6 
9 (DEG. ) it, 

35g^e^50g (f SI 2) 

© M# § * 5 - t Lv \ 
[0 3 7 8] 7 s y XAfi2 3«fe*IEC0fcJ6iC#feLfc 

%iV\ ^©ffi, y!JXAl2 3 aWSffiSr^tff^P 
XtrfToTtJ:<, £fc£*fB&itIS2 2 9 5rffMLTt 
iV\ /y XAS2 3 ©^ffig|^#l7tfi£:t/x 

a t 2 3 b K©^^ 5-7135 1 ©^fif — X© 

/y x^i2 3©ia#4ffitM£ffMu :©iOi^ 

y7l351 lcm-f&ma*Rm]5itm2 2 9«L 
TiJ<:t^tU\ *fc, £/y XA&ir&V^T, 
H^S^^^Jfe^^SiiL^V^^ (*S3llflMS) 

[0 3 7 9] (013 5) ©J;5li:, AW*18aftg 
t^y/1 3 5 lMf£#£*vf\ S*/^/V2 IK A 

Mt->7i 3 5 nmw&h-fmi-z> a * 

515, iLH#©|g8 2 6 (-ESAU-f^a©* 18b|4 
QM&'tVZfX 3 5 1 {C±9^Slfr5o LfciSot, 
««#©|g8 2 6tPIS-T5itf±*V\ Sfc, ACDS5 

^ic*»«ui*^ LT*stttf , / y Xi« 2 3 ft-m 

[0 3 8 0] £Lh©J; 5 (-^^r-Y '7/135 1 Srfrf 

s/y xivK2 3 5r^/^/v2 1 ©^mitEi-gae-r 

XAS2 3£jc*^/P2 1 m 6 kike 

S1-Z?-tlc£t), «^#<7?ag8 2 eicESAWrs* 

[0 3 8 1 ] &3b\ (Hi 3 5) (C&V^T/y XAft2 

3 ©#4ffii4E«£fc L/t^rtLi-Pi^-rs t>©-mfc 

[0 3 8 2] KWDXAI2 3, ^t?7l 3 
5 lWlcm-t&m-i (HI 3 6) t£}£<D$;mw<£>Mo 



7!)XAS> Sfgt^lLttlfflt'tSrtBf 

[0 3 8 3] (013 6) ©i?^ 75XA« 

2 3 £r^/^/V2 1 » AW-ffif-EB LT <fcV\, (H 
1 3 6) 07JJXAI2 3B, / y XA& £ ^ 5 i: 9 
it, SWfflKtcftfei^fSi^y y h dti^^-rs/ 
7l35 1i/i5) &JfMLfct>©T-fc5„ xyj/H 

3 5 mg?*Mffii-»L£*77[R](^ hy-f/K («* 
h7^7) fc*J, * y y M 3 5 1 fiSjg 

[0 3 8 4] (1137) J; 5 fc, * 1 8 a , 1 

8 b i«©SSEiiLTS^/^;v2 1 tAM-tSo R 
*fS«2 3 o-C£lf U *fS#©BM8 2 6 tESAM-T 
53t l 8 c ii^M=?> y/135 1 X-£gMU RMJt 

[0 3 8 5] ^S^>s//1 3 5 lit (HI 3 8 
(a) ) i^-TJ: 5i-tT— XI 3 8 1 T-filSLTk tV^ 
U (HI 3 8 (b) ) © J; 5 1c??® l 8 K«LT 
fciv\ £fc, ^a^>^/l 3 5 l coftfc !3 tffiJSJr 
/»^*rffiv\ (Hi 3 8 (c) ) ©i5tffiJBllf*«- 
»1 3 8 2 tftSJlfWftl 3 8 3 tSrSSt-^fSLT 
tiV\ i*H#f4*tfift 1 3 8 3 t it, I TO, Ti 
0 2 , ZnS, CeO s , ZrTi 0 4 , H f 0 2 , Ta 2 
O s , Zr0 2 , i«B#T*©^ y ^ 5 KWflgflS 

09**&*U ffiJSffWW 1 3 8 2 itMg F 2 , Si 0 2 , 

a 1 2 o 3 fc5^ii*, ->!)3yy;K ifi/y^ya- 

[0 3 8 6] Sfc> (113 7) ©2Mt'7/13 5 

m&mtft-rfk&o (deg. ) it 

401 S 0 S 8 0S 
45S S 0 S 65S 

[0 3 8 7] /i*3, /y XA®2 3©^Bfe5V>itBE 

fc^Mmh&^&mmm m$r*i. 35^11. 43 

BUT) ro«jaiK^e>*5SltSSJfc^2 2 9Sr^LT*i 
<tiV\ ^PjiCit, /y XA2 3©Sffi*3z>-^^JP 

aiBL*^IWWtHc3tKJR||gS:^fiKL-CSo< rtWt 
LV\ otO, me5©*3S}4 (HI 3 5) ^if* 

■So 

[0 3 8 8] (HI 3 6) tT^LTtfflF^Tit, 7PXA 
«2 3^ii^y s/ b^i-^df>y/l 3 5 l£JlM-f 
StoiLf:^, (H 1 3 9) ©i 5 i-ffi^bTfctv^ 
^ii±H5*T»fc^V\ (Hi 3 9) Tit^^©/y 
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XAK 23ai23bi y 7° 1 3 5 1 

LTgBBLfc«figT'fe5„ (013 6) (013 

9) ®/!)XAII4 (013 5) -ClftPJLfcj;5^, * 
*/^;v2 l b^vZy-l V l 6 RSt'iBBLT^ iv\ 
[0 3 8 9] (02 9) te#3&K©l&l&;fr)£©lK91E|-T? 

feSWi (0 2 3) coi 5!-y-^ffi-8- 
§2 2 8 tl*tS2 3 o ttfSfifcofc«/£i;::t3»-eife 
5„ f4«M2 7^-^K (2 7U- A) -C^f-W-tr 

/u-ets^fj-e&So fct^ff, (022) \as\^x, 

y-^ff^ 2 2 8 at 2 2 8 bt (iiMffitt»SftMI^ 

^M^nrv^ft BKre*2 3 o fc y-^ifj|2 

2 8a lO^l!:, B*S*2 3 0 i y-7<ff-^$| 
2 2 8 bM©^**:S 5 5*)itLfeV\ Iilft2 3 0 

igft^-CSi*^ 3 M-fe ( 3 «§l) 3X2 = 

67i/- A-eijfJHfcftSo 

[0 3 9 0] £#«jftE»#5tfc LTIiHT©t*3tl-e 

(1) — oiOHJltTt^V^Tii, [5]-&©BiHl-(;£[Rl— 

(2) 3llfc©-fe©5^ lfe!4ffiC0 2fei^PiP-rSBft 
«Lfi^-©«'l42r®«l4 b -T 5 o 

( 3 ) 7k-Art fCHlg icEPJp-t 68^f^<Offittf4 

6 7U-AK: 10, l£,f3Bl©7U— 

[0 3 9 1]$/T^2 1|CttR, G, B (tL< 

-y/y, -f^P— , -7-tf>-^) <£>3jgfe<£>#7 — 7 
-f;V^2 2 3«^t^5„ r«B#(DBlit2 3 OtC 

fW»r38Mfc*#©*H»fc (015 5) lC7jk-r o nis, 

mmz^mz-tztzmc (0155) (o^-tit^oj; 
9 hm^mmcom^ "+" , (sv^* "-" t it 

0^r5o *fc, (015 5) ©£>V^T, IfjTJftSrB* 

[0392] (015 5 (a) ) XitiiM^mmff l£*5 
l^T, R^o it/B CDpfS 2 3 Ott " + " , G»B*2 3 
0J4 "-" <DS^ilfB^Sttn^tbTV>5 0 Lfcf'ot^ 

ftE«H^fr"C " + - + + - + + - + + - + + " b 

mmn^mn£tbx^z> 0 (0155 (b) ) B17 
u~M£<Dmm<D9min^mmmxhz>, (0155 

(b) ) -CilRdo iI^BCOBJS2 3 0 }4 "-" , G©B 

2 3 oil "+" <Dom.tB-%&3VM&ti, an<Dmmn 
x — + — + — ++ — " tmmm^ 

mv£ilX^Z> 0 0*19, (1155 (a) ) t (11 
5 5 (b) ) tMSttt'feS, *fc, (015 5 
(a)) £ (0155 (b) ) tT'!4H^2 3 0^M 
£;ft/T^5S!M£ff^©ffitt£Sfi£*T^5 0 Lfc^o 



[0 3 9 3] #315, tt#®B»ff(-*3V^TPnJip-r5B^ 

{§#©»£ Ji " + - + - + - + " b-t&^bfrMih 

#*LV\ L/5>U rtl£r^51,-f Stfi (012 2 

(a) ) ©lfTl?!l®RH*2 3 0^5 " + " 
ltT5?lJ(DRlIf*2 3 0i^(4 "-" SJ±^Mp-r5i 5 

[0394] r.<Dmmijm%mmh£o b-t%b, mm 

y-^ K7^^iues©^^yx^5rK<-r5d\ Ky-r 

©ffi«i^«fett, K7^y'n]gS5:K?a^y vy a^&s^ 
i±te?a# !)->y= ysft-M Lfcn-^ k y -t 7*e» 

[0 3 9 5] (0155) ©lgft7jtfcT*i4, 
J$Ps1 (lHo^tJlfr) rttflR, G, Bco-^ti-^ti© 
*(tffi^»St4i«fbL^V\ fcifctf (015 5 

(a) ) »-fT@©R©B*i41H©fflWt4-foi:" 

*SK3ea-e#s» fc«u 1 B^trt? "++-++- 

+ + - + + - " £PSLfcB^©S5^ff^-©1H4^ 

R— &©-e7!J y%&£.Z J &t\/\ b^U (015 5 
(a) (b) ) ©J;5fc7 U— Art^Hi^2 3 OtCfP 

[0 3 9 6] (0 2 9) (01 5 5) £.£ 9 ftftlftt;: 
^Lfctc0t?&5 o y-^ff#H2 2 8tMBf5f||- 
«J8*3it5?F^4 2 9 1 Sr#anLTRH«:i-3t>«n? 
fo5„ 1f£§*2 9 1(i±i Lty-Xf|ti2 2 8 t 
B*SS2 3 0 tO^|;±otMt5„ ft**, (0 
2 9) i^*3V^Ti**5P|lT?TFT 2 4 1 Sr^LTV^5 0 

y-^ft^2 2 8 tfPMtSRftll^Stttt 
+©tt (+) -e^L, -©it (-) -e^f. Stt© 

+ -i4ii^*flR)«S2 2 5co«f4?rS2pfc1-5o 

[0397] (0 29 (a) ) !4 (0155 (a) ) <D 
tfcffiiWJESU (02 9 (b) ) ft (015 5 (b) ) 
(0*t«*WJSi-5o (0 2 9 (1) ) 

^17l/-AOtIttWl (02 9 (2) ) ^ 

CO® 271 ACDitWI, (0 3 0 (3) ) 75^2 7U— 

■ACQ^CCDg? 3 7 I/— ACO^tl, (03 0 (4) ) ^S^CD 
!4 7WA©iRE (03 1 (5) ) ^i57k-A 
©ttffi (0 3 1 (6) ) iS|6 7V-AOKlT-fc5. 
(03 1 (6) ) Ofttt (02 9 (1) ) ©ttJifcft 

[0398] mn^Mi\c-r^tcmc^m^2 9 1 
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a, 2 9 1b +tH4o*#ft-^- 

iSot, (129 (1) ) cORcoBJrf 2 3 0 R 1 tiy— 
^ft#H2 2 9 a 2 2 9 b ^-ffitt"t?fcS^ 

f>. *tfi2 9 1a, 2 9 1 b J; 9 ^|-C07<£ $T- 
^oS»M4c03£i5lff 2 3 0 R 1 ClftlAP^S 
^b. *£S*2 9 1 ft^-f Vi?/V£;fT,5 0 Lfc^o 
T\ Sittl2 3 0 R 1 XttfttiX\£tlX&W£tlX^Z 

n£L<DmMte§LZte\,\ mmc i*2 3oghco^ 

X^mmK^^MA2 9 1 a i 2 9 1 b ft^ 
[0 3 9 9] Blf 2 3 OB 1, 2 3 0 B 2-ft4a<D 

t+ffittT?3b5^P>, mSft^ei^fc--f-„ ft 

07I/-A (g2 9 (2) ) -CUfe&COy— Xft-^-$|cO 

U^fer-f,, L^L, fE17U-AiiS+StfC. 127 

H£T1b^L&V\ B£*>fc<V\ £b(- (03 0 
(3) ) ~ (13 1 (6) ) T'tt, ^»S^ft-^»S 

t o r v > 5 fc & $ ib | tc h K < v \ 

[0400] (03 0 (3) (4)) Xlt, Gii2 3 
0G 1, 2 3 0 G 2 •■■COMiKcO V — Xff ^§2 2 8 COS 

fMtf PPJn £ nr v ^ a ro t l t s « *> ic < < * 

[0401] rati: (I3i (5) (6) ) -etiRpf^ 
2 3 0 R 1, 2 3 0 R2"-cOffifficoy — *ft -*5-i§t;!l s l5]— 
«^4-e;^b 5 bmffi*»as»^*r 5 wmt^fc 5 fib 

«flSj£V\, fc?£U (13 0 (4) ) COBIS2 3 0 R1 
£ (13 1 (5) ) ©HIS 2 3 0 R 1 co J; 5 (cBiffCfP 
JP$tb5«£Effitt^ s , 2 y u-A(d^/c<9 ra-t&aco 
r-#'>7y ?*aftra^t< 4otv^ a l^u fit 

©Biff t f4{£^1-3«fficoff ffi^Wio -ci >5 cOT\ /•« 
•*/V2 l^tLT7!) j/^cO^fl/^ 
[0 4 0 2] (029) - (031) l^&l^T, 271/ 

-Air^fc^tSnScoy-^jf^coStt^^- (tii 

i4\ (122 9 (1) (2) ) fc&VT, B$2 3 0 B1 
cOBfficoy — 2 9 a, 2 2 9 b i L/C/Jl\ r. 

tlKmiM-fZ h<DX*tit£\,\ fcfcjtfcf, (029 

(1) ) Bi^2 3 ob icos*y-^ff^- 

H 2 2 9 COWrmif ^SttSr ( + ) tU (12 9 

(2) ) C4oV^T(4, (-) tLH\ (12 9 

(2) ) "er±BBJg2 3 0 B 1 <Dffiiffi<Dy — Z.m-%B<0 

mi^m^mm^t u gb* 2 3 o g 1 coMfficoy 

(129) ^i?[4 1 oc0pfJg?iJC0i5igaS2 3 0 

i±-r^riHi-S'i4co«i±5rMp-r5 1 ^tiicm. 



(0 3 2) CStijC-Bifl 

[0 4 0 3] (13 2 (a) ) ill7l/- i»cO 

^ffiir-Ttbtf. (13 2 (b) ) (4ftcOjg2c07 w-a 

iiiy-^-ft^i^ppip-rsji-s-cotitt^se-rs t l 
fca^ ^tur&je-t-s y^-A-K^ttc 

y u 5/ -y^s^tfe 5 ^ b , y K=y i/- a t * 

coi 5 i-2*coH*fT(c|Rl-S*:#fI^^M1-?i»'a- 
(4, 2#coB*fT£-iW4fc LT (_hTc02B*^-¥ 

(itit) , (12 9) ~ (i3 1) (Dmrnumzmm. 

[0 4 04] Sfc, *3PJ©K»77ife»^ h y^y^co 
B*SBSco^^m-f-5tco-<?i4^< , (13 3) 

r±5**if-r^« d/2Bif bu 3/2i»t 

3/4B*-fbL) ©*^*A'-C<i>jgffl'T?£ 
S„ *ISBJCO|g»)7j?£i±?«B B H^/^*/VC0^[:ig 

fflStbSo-en*<, r^x-r yv hu y?*m<DEL 

v\ Sfc, y ^— Kv— ^y->-v/H:R, g, Bcojt 
Sry i^-A^ti:-K15*x.T**-r5»^S4, *y-y 

-y /ko/^/Hc tlfflttsrt 5 * x h * v \ 
[0 4 0 5] ±t L-C»Pf*^li<f *r3fe9i-5 

[0 4 0 6] m3 4) fe*%m<vm^mm<z>Ms$,mx 

fcSo lWt L.t^y^7-f h t LTco#36^1 4(41 
4a, 1 4 bc02ocO^{-^Sf$tbTV^ t) #36*1 
4 a CO— iaiCilS^l 4 1 atfM'OtttfibnX&'O , 
fMl 4 bco 1 jaiCil^Wl 4 1 b^ffi!9#(tbtv 

Tv^s 0 Mftmz.tzfkft'g 1 4 1 b^pjacoji^ (_h 
m) icnm^ti: i4ia^Tia5 (rm) tgag^tis 

[0 4 0 7] mytfol 4 a t 1 4 b tcOJtg (AcOtf 
3f) fctt, 1 4 a t 1 4 b PfUcO^COAm^WflJI- 

T) o b^U PflPRA«1S7J®v^i:^W*bv\ ^ 

*5, (03 4) C*5^t, f*fil4a, 1 4 b ttftM 

<, lo©*3feE-etJ:<, 3o^J:ic^ii$fi 
fctcoTt iv\ 

[0 4 0 8] 1 4 C03ttti«-Wtt4*3t« 14a, 

1 4 bcoitg5r!Lx.(c:< <1-5/t*iAf5:S2 2^^sa* 

tfc7*yXA->-h2 3^gfl*$fLTV^ 0 
[0 4 0 9] (1135) f4*^*fficofS^0T*fo5 o 
(13 5 ( a ) ) iiSjtW 14 1a tfSj£*T L, 14 1b 
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3 5 ( a ) ) ©JRflB-CH: (0 3 5 ( a ) ) ©£0^-r 
i 5 ICt^^/V2 1 ©Bife^SS© 10 7a ^B-ft* 
t^x.^-h^ffiT*fc5„ SUiOZtfrb (03 5 

( a ) ) -Cfi, B&^AS 10 7b ffiKM,<?>&&*&{£ 
imr Lfc«#T?*> 5 , Stt 
flBiftoTV>5„ 

[0 4 10] (13 5 (b) ) T?lif*fl41 

bWU S*fl 4 1 a #ffi*nRBT?S>5. -©1$ 
!4H«a*33 1 0 7©T»*sWfe»t*»*.ttB-C*>5. 

t) , (035) (c^1-S^&!iHE®T^S* 
ttHBroitH:, Hffi±8B&*£a»*.-OJ8?K Bffi©_hlH5 
^*^«S© 1 1 fi, BffiTaH#^mx.:R^-efe5o 

[0 4 11] /ifc, (034) (03 5) (CjSV-C^Cit 
f 141ail41b USSi-^T-f 3 t Ltci\ 2o 

T*}:ift<, 1^3 1/4 yu—M.(D^MTL, mfitf 
3/47U-AOIfWMt5J: LT%iV\ # 
»*« : ^l/4 7W-AF#rfl1-fo^*TL 1 1/271/- 

^i$IHiiW#©&ft£dSMff t> «t ^ u 
«flBIH:W*fl9*3tflfasj{WrLTV^51WBi LTtiv. 
v^3b*^i*i^. 2omf)fef(0 J S!triff B ieD^/cS$ 

[0 4 12] 

(1/4) ST/K3/4 (1S13) 
J^fC&VvC, T/ t ©flt^/J^ < ftStSifjljgteBt 

<ft£^ KiB^^ii^Ji-rSo 
[0413] Sfc, (0 3 5) (d*Di/>T, Sbfrffl 4 1 
b t 1 4 1 a t±3£2(C,&!trpf 3 t Lfc^-tbi-KS-TS 
t>©-?i4ft< , S^ffl 41b^l41a^l41a^ 
141b-»141 b-tV>5<fc5t±T©JS*T4-Ste$ 

^©HffiSr^t&x-S =fc 5 !^^^2 1 £ffl#p-r 

■■•ifcSo S^tf 1 4 1&LED7W 1 1 Jfcif 

[0 4 14] SJLhKiagiLfcSPSH:, #38W0>fl&0>£3js 

v\ 

[0 4 15] (0 3 4) (4 2o©jS3t^l 4 a, 14b 
SrfflvfcWfigTf&ofciS, (03 6) ftlo©^31£«© 
_h22 1 THf-ibM 1 14 1b, 141a £BS^ Lfc#j£ 

V^3„ ^©fc*. £**!&»&©3fett*3^l::8(l*.fc<A 



ft3„ 

[0416] SitW 141b itmHtm 1 4 b ©Sfc&SrfiB 
m U 14 1a 1 4 a ©Ifc&SrHRBH-f 

3 0 UbPoT, (0 3 4) t,BB0J^©^fflW^« 
IrJ— (13 6) <DWrh\$, B©§|5»©JfmSr 
jgjEi^PX-f.5 r ii:i!iMl 4 a t 1 4 b t©« 

[0 4 17] (09 1) !4*^BS1 0 7©»tm^lS 

S^f 14lMffU S^H#£JL;t3 J; 5^1"5t 

u**is*L«rm]«iaais*is. fct^tf, flats* s*x 

-So 

[0418] (03 7 (a) ) ffiBffi^S 
*T^ffi-Cfo5o (0 3 7 (b) ) SiBffil 0 7_h8B©^ 

*t 1 4 1 &fr&mmmm^£iiz>o (037 

( c ) ) SiSt^^ 14 1a, 141b fcttgjJTU B 
B10 7tiHi4<45, C©^^m^T'fo5 0 

(0 3 7 (d) ) -CI4, 4-fti*T)2©S**T 1 4 1b# 
jfittTU H»?r*^i-5o ^LTStK (03 7 (a) ) 

[0419] (037) ©HEffcfrgi-eiS, (037 
( b ) ) (03 7(d)) -car3t*T 141a, 141b 

^, (03 7 (a) (c) ) x°mmmZftotc 

Bti© :3 rKiJ;< ft£» bfc^o-cA&ftBftS* 

[0 4 2 0] ft&\ (0 3 7 (b) (d) ) irjSV^T, 

S«Tl4la, 1 4 l b 5rl^^MitTS-S-Ct iv^r 
£fiW5*-Ctft< . *fc, (137 (b) (d) ) © 
«ffi.T?*fiB««^*x.^^-x?&ort>J;v\ 
ffitt*S;i 3l::t>^rJ:5fcl/4 0Lh, 3/4©B#d l 5 

[04 2 1] *fc, *%K©^*ffit*3VTH^^Sr 
tT5 iiSLfc^, r©a^t(4Bffi^^x.^< ft 3 

A^-^y^**f>^4*t5 0 *fc^Bf>©SfCK:io 

[04 2 2] (03 8) ©S^f&fe^T-fcSo (0 
3 8) irSS^tfc (03 8 (a) (c) ) {C^Ttt, 
MMT 14 1a LBffi-h^fe L < Hi&m^^'L- 1 

Lxmum^mt-r?). *fc (03 8 (b) (d) ) 

('^^V^Tf±*3tfi"l 4 1 b^ftjtru BffiT§PtL<(4 

[0423] (0 38(a)) Xlt^imWmiCTjk-Ti. 
51-. ^ffi*l 0 7©^£AJi©Bffi^»t^t)or 
V^5 0 Lfc^oT, J^¥#t45c£i-j3T/t©iSii* (S 

m^^ffi) tftorv^5 0 ifc, (03 8 (b) ) -r 5 
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(0 3 8 ( c ) ) ■Vtt±M<Dmmffl$l 0 7a fiS^ 
mtfto-Oo!), (03 8 (d) ) t?ttTI»©*^IB« 
10 7 biiS^ffiir^oTV^o 

[0 4 2 4] £1 _k© £ 5 t, 2 1 ©B«»£ 

[0425] (0119) (4(121 117) (118) CD 

45i-R, G, B*?©3JIfi«:a53fe1-a* J ?-l 

[0 4 2 6] (0119) ©^MER^I" 4 5 fc, 
Bffii4*feS^B1t 1 0 7 R, l^S^Stl 1 0 7 G, 
#fe*^H«l 0 7B^)R2fe^$*LSo *fc, 
©31 5, 5 V ^ }4*ffi Ktm £ ftfc L E D HI 

T-) ^«Hft**^iB-eA*r't-5. (0119) (DtEmm 

£M0©RB£ll 0 7R©^@gfl±R 
(Dmitmi-ftMTL- (8 2R) , G©iI10 7G©t 
*ffijffttG©^jt*^-^^Tb (8 2G) , B©Blt>l 
0 7 B(Dm^mPJ\}-±B<Dm^m^Ml (8 2B) 1" 
5 0 R®3S)tM^8 2 R ,t B ©fgftffi*£ 8 2 B iG©i 
*ffl«8 2GtB©M«8 2Bffl, B ©fgftfift* 8 
2 B £ G©S§)tffi*8 2 GKi4#£:tTfS*£8 1 (/< y 9 

[0 4 2 7] LfctfSoT, H0^^ffi(4, 
2 1 ©ffitwffcfifc*5i/ N T\ Rg*->MS*->Gg*-> 

©it, R**+M«^«M (t>L<rt, G«*+*** 
WW, B«jj*+*«^»IIH!) SrTtfixHr, SH^SW 
k!4 

1/4 • TSkS3/4 • T (*sU4) 
[0 4 2 8] £JLh©HJ60!|H:, f£)BT 1144 if'^* 
1-§fc©T-feofc 0 (0 3 9) h 1 6i4S 

3tU **^^2 l©-§|5W©H0^««-Ct5J; 

[0 4 2 9] (0 3 9) (CiS^T, S*/^/V2 1bi4 
^^«S^p3 45*t^«S2 2 5 b tBJgtT^[^f-^ h 

t4v^\ a^iii osf^fTK-h2 o ommnsim^i 

o©^3tW*3 9 3 SrJ&S-rSo t> L< fi, *^/^/V 
2 1 ©SEBil&SrNt-rS N/5 0E*_kN/5£* 



[0 4 3 0] *f|n]mS 2 2 5 bt ^SfiS 3 9 3 Ktri4 
PDM2 2 6 bW^5. PDMhI2 2 6 b©Jf 
fffi, 5^mJi_h2 0/im£JlTtU £ l-£f * L < f4 
8 (imaJ:l 6 jjmKTKt S„ PDMbbCDtKM 

TO?L#S4, 0. 7/tm.gJLkl. 5 /imHTit?.. 4 
fc, P Dffogi 2 2 6 b itS^T- 1 fc B B t tfSVtfcJ&l& 

£31 tig- L/c 9 01-3 £ 5 Wfibot 

t>J;V„ i©^©Kff}4 6 /imJ^±l 8 /im^T^I" 

So 

[0 4 3 1 ] fi7t«4 3 1 a t 4 3 1 b ©fiDfrttte^ n 
^-37Piagt-t-5 0 Lfc^oT, ?«i,Jl 2 2 6 b tfSJS 

mytm<Dk zmitmi 3 1 a ?> ^^4-5* 

5 (ffwu , ?«ff B S2 2 6 b$tmnjim<ob%, m% 

«4 3 1 a ^?5W*f$n53fcOD*}4#< 45„ 
[0 4 3 2] *f ftSS 2 2 5 bt MfS 3 9 3 \£&m 
tSiv&mmiL. S*«Ittt*fiS2 2 6 b Sr^ScSW 

[0 4 3 3] t*A^;l/2 1 a t*^/^;V2 1 b [f [4 

^112 6-e^-/7 i ^*/v*s/7'y y^LT*3< r tft 

[0 4 3 4] (0 3 9) -e«3fe« (fift^A- 

A, fi3t^S) 4 3 1 Srffl^SiLfctfS, ffiv^/ t e< i: 
fc, **/<^2 1 a^AW-i-S^i^fti-Sittt 
Kil2 2 6 bttTNK!«' > IftPlffiK 

^2 1a ©^^^^-11^4 3 1 c SrBSB LT% i 
V\ r ©KStt^ffi 4 3 1 c ©{Ufettt, il*S4 3 1 

[0435] (0 39) ©45 lC«^-r^(4\ 
3 9 3idlB^«JE^BliPL-, ^>o^©PpWia^*^1" 
Siti^J; 1 ?, (08) 1^^-44 5t^*TlfP8 1 t>L 
< tt^*r95 8 2 Sr«^T?f 5 0 r ©#,^T§|5 8HL< 
(4^*TgC8 2©*Si4«JISrM-t-5^*«S3 9 3©* 

£SmS»2jc»£#<-t-tU4\ *M»J£<45o Lfc^o 

ot, S*/-?^^2 1 a©S*HHt^K3< Ufc <9 Bt< 

[0 4 3 6] (13 9) ©Mil, /•!y^7'f 
fef^/^;V2 1 a [CAW-r53ttr^^^/V2 lbf 
ftHJfp-rStco^&ofco LfdioT, S^^;V2 1 b 

[0 4 3 7] ^©*-?£?r (04 2) (d^-f-„ (0 4 2) 
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•TSr i:^BrtgT*fe5 0 (04 2 (a) ) (1114 2 

(d) ) H^-fi 5 fc, iffS*«:»^*mS3 9 3 5r^" 

[0 4 3 8] (040) fcm^*^<P i-AMftffflfPM 
»?«ff B Ji 2 2 6 b t3t:SPfflC0M^a 2 2 6 a COjSf^^r 
ffl" 2 2 6 b!4PDSHf*)5 0 PD 

Si, 2 2 6 b±}C*j-|R]«ffi2 2 5tfS^£*Vt^5„ - 

«t 5 t?ssa±t[tg, *HRj«ffi 2 2 5 *^-c* 5 

Il2 2 5 t7l/^SS2 2 1 rBlt*SPffl©?fo B B Jl 2 
2 6a tfS8S#£*l-CV»5 0 

[0 4 3 9] (g|4 0) ^SfigLTt, (0 3 9) £ |B) 

(0 8) ©*^ffi^m-rsr t^T*#5„ * 
3b\ ^/^/V2 1 ©pioffi};Hl3£ffi4 3 1 £Sflg-f Sr 
tick V^ay h^rffil_hr-#sri:(iw5*r* 
%ftV\ Ib b b |2 2 6 aii^X h^fg^if 

fficoMi, © V ^-f ft «fc V ^ t !4 9 5 4 1? & ft 

[0 4 4 0] (0 4 1) Iiiitl3 9 3 Sr^F "f 

2{rf4a^S'Bti3 9 3^^^tvT^5, 
ffi3 9 3(:fiMK7^^4 l iasSBRSn-Ci^5. * 
y-* K7^/n o 2&£t)\ y- 

hK7^/n01BiiSfi3 9 2, 7K1S2 2 
1, t L<fi*j-|p]£t£2 2 2_hfceB$tlT^?>o * 

^vy° (388) as^Six, 7 W-/MfJit(^JS»* 

[0 4 4 1] ^4 K7-T^4 1 1 }±, y— * K9-T^l 
0 2*5.£W-h Hy^l 0 1 tl^fflSri Oft^* 
*««3 9 3t'ff-^?rR]iPl-5 0 a^t, :©|ffB, «i 

ffilnf 5«JEE (^-7«£E) <D2{$.XhZ> 0 L^U Wrfr 

i^ioTi*, ^leastfeKib-ctao t>L< 

i4«»»£SS®3 9 3^VfiJ±£TO)U ftSil^ 

4SS3 9 3(ci4^-ySJ±^TOn^5 0 
[0 4 4 2] Jt^SJiroEWnte, 

SrElttPU S»^4SS3 9 3 Sr^vSEE/^Pj^MEE 
iPL^^pjfroT'b<tv\ JUf^Si-PgS-f St> 



iv\ £Sll$i4— ££J4ISS-r5%©T*}4ft 
< , 1 o©f$li^?,ft©aiiC 5 o 5 mm £Pi 
feT Lt-S^-fSr t^KS-r5%©r^4*v\ Zft 

[0 4 4 3] «±C0HJi^!|(4IiiJffi»?£*7i'[R](iJfM$ti 
fc^ hy-ry^mffi (t&4«S) 3 9 3{c;tv®±£Sl 

fc„ SIS3 9 3£fflt^S/i:#\ HSfT^ftWT 5 h 
©-efeofco (04 3) h- y s/^t^cBSC&i^ 

[0444] (043) ^(ommm^h^. hms 

«$tifcflil^cO'R«l 0 7i±> ^ft^ftm$LK%,<Dm§i 

nam , mm mm^) %m*n 5zt&-t*zz> 0 * 

[0 4 4 5] 1 0 7 ICii (044) 

3o ^$5, ^©^©^Sti3 9 3 1-i.mmthrii 
(03 9) T?RHLfcOfciai*t?*)5#, RMOjS^Sr 
KCfcfci-, (04 4) <DWr&i±&MWl&3 9 3 tPf 

»t!3 9 3 ir^mSKK^-4 4 1 ^SSiRS 
ixTda'P, 1KM?4 4 1S (04 1) ©MK7^^ 

4 1 lrom^jg^-tgas^n-cv^So fc^u (04 

4) roi 5 t^SS3 9 3^-7 js y j/^^ftr-feS* 
^•tt, ?1KS^4 4 1 *5WC, ^4 K? 

^4 11 iSKST-4 4 1 W(Ciyn-^K9-f/^ 

[0 4 4 6] (044) co^il, h y y ^ ^^(-^ 
yify-i M 6 ^b*^/^/>2 1 (cAlt-TS^SrflsiJtP 

So *fc, 3t«l«ISr^fo■r^^s<ff9^»^!^t)^c< <« 

[0 4 4 7] (01), (039), (044)ftif\ 

S:ft if t «t "9 MHjfcjg 6 tir v-^ v- A/m^-K h G%r?h 

»^i4ms*K-r 5 * ifffl«i^«a t ft 5 frb-vh 
So sfc, ir^-^.yx^ (««»«f) (omm^m^m 

ffico#^@0f%^^t-rS^S:fe#x.blxSo 
«Sr***^-r5»^^ ?»«77C0ffi«fcftftbftV^ 

»«^^«^*s^^-efes„ 

[0 44 8] ft jb\ (04 4) il^Jf^S 3 9 3 t Lfc 
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1 4^gft^T%<tV\ #t3tfil4©TI'LEDl 

&frbxh& 0 

[0 4 4 9] (04 4) tev h y y^^^lCfll^Lfc*- 
S;T'fcofc 0 *fc, (01) (03 9) (04 0) f± 

(0 4 5 (a) ) i^-TJ;5i-^ hy47mmi$,l<tc 
ttr-h^tco (04 5 (a) ) fcjjrf-ji-g-efc, (0 
44) fc^-rs^-cfcfltf&KoB, b5>f:7 

[0 4 5 0] (04 5 (b) ) , (04 6) COffi^iS- 
gP«r»k^*fcfc<D-C*j5 0 (04 5 (b) ) te^bv 
Z^rojfeatWi 3 9 3 t> L < f±*3fcfi 1 4 fctf»jfe»-C 
*H< LfcfcW-efcS,, o*9, (04 5 

(b) ) iC*3V^TA©^Hffi<, B»g|5^ttlm<JfM 

/^;v2 i % &%M^ttit^<*^<D^$:UXMmx 

(0 4 5 (b) ) t^t-i5{cf*SB-CilW<-r5-tl- 
i 9 ^H{fe—©ffl«iSr+^tcfT 5 £ t 5o (0 

4 6 ) ami&Dmitm h^l< n^mn 3 9 3 icjs 

[0 4 5 1] ft*5, (14 5 (b) ) (04 6) {CiS^ 
T^Stlfl 3 9 3, mitU 1 4 CD-iM" Xfi 2 «S<© <fc 5 

±XhX<, At £W«&(:MLfcflfj5Sc (fc 

iXLfS, jtat11S(SH*S, 4/4H^3/4H^2/4 
H^l/4H^2/4H^3/4H^4/4H^3/4 

[0 4 5 2] &3b\ W±<D^Jffi^-e!±^*^3 9 34 
,!fGDAt $?rii|ffi<O c t 3 *Sl5t Jii2lf|3&£*-C^{t;$iir3 <t 

[0 4 5 3] (01) (03 9) ^tJ^-OS-sgftSl 

4, 1 b^bw*t$^5*t±, 2 it (ww 

t^/^/V2 1 fcAtt£*3*S-#*£#7c*3i 
-e#So roJftlco^t (04 7) Srfflv^-cmK^r'f- 

S 0 (04 7) (d*3^T, (04 7 (a) ) ^|17l^ 
-A, (04 7 (b) ) ^1CD7^-A(D7^<D^2 7 
(0 4 7 (c) £S?2CD:7^— A»M3 7 
l^—A, (04 7 (d) ) ?r^3»7W-A(7)RcO04 

1 4S/ti4«S3 9 3{41/4##Ji;-f 5„ 
[0 4 5 4] mi 71/- A-ei4iS3&Kl 4KKiti**Vfc 
IS3t^l 1 *fctt, 1S3 9 3 5rS#LT^«l 6 



SS^8 2!i»6)^swit$ix5J;5fc-t-5 0 1307^ 

5 0 fg4 7u-A-m, -T^r®^^tBM*« (Si 
8 2 ££5 i 

[0 4 5 5] r©£5fcft#£*;KM4 7w-AT*<£>-a- 

jfttMBtt (04 7 (e) ) t*5 0 0*I9, Sc^fl«l 

0 7 dm^5<, ^*«*1 0 7a £*;t>Jf <"f 5 

[0 4 5 6] HiortS^y^?^ h 1 6d>e>W#t£ 
tSrS^-fSo (14 7) flt/^?7^H6^6ffl 

•So 

[0 4 5 7] #38W-CI4, $^1/-A!*fc0^j'^7 

I7u-W«^7>f h 1 6^bffiM£fr5}t:!fcI;<Sr 
[0 4 5 8] Sc*/<^/W2 1 tS^pflfefc, WHf&oit 

h 1 BO^WfiKJe— KW*Sn536**ftfiT$ 

a«# * < -t- 5 ^sfeft ir*s & 5 „ mmoxmr<Dm 

^SSS3 9 3tPpip-r5«ESri«i<-r5r t, 

& 5 i±^- ^se £ attn-r a < -r s - 

t> tt< \tm-%m^-M v ) htitz^%m^- 1 1, 1 

1 4-coSA«73i^ffiT$*5ii:l-J;'9*S(-*a 

[0 4 5 9] ^Htli-B^SV^^tJfV^^t 
^iBfiEl" 5 »g- * 5 o ^ 5 V ^*B#lS5T» 

3tffi*r*^^4 <> t)t< ammrn 393 ^sjp-rs 

[0 4 6 0] fctxff (0 4 5 (b) ) tioV^-C, a C 
a^®W^^Bf < , b, c, d<D&ft&W&<. ffi«§|5 
^^Wea«CB^5$4e3«, *^SS3 9 3 a^«PP 
MJ±^S< L> ({f7t«4 13a, 413b (DU^M 
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93g, 393j, 3931 ^cofPtiPSjESrffi< U ffi 
o^atSS^roPlttP^JI^fW w</vfc-f"tiff iv\ & 
*S, (045) #*3fcR£S;©»£-W:, »*K Hat 

1 4 g , 14 j, I4 1l:i9#tf btl/clBt*^© 
[0 4 6 1] (0 4 6) (Dm-B-hmm^h^X, aCDg|$ 

&<Dmm*m<. b, c , d©a^^«5<, fttcogp^ 

7)5 tf> MSS© § £ ft £, fit\ 3 9 3 a^©f?» 

fEJE£K< U £g)#Wl3 9 3 b, 393c, 393d 

Mw^itttfJ J;v\ ft3b\ (04 5) (B46) § 
t&^T, (3£ffM<ffi) 3 9 3fc3Wi3S7tSil 

-7-11, 1 4 1 COBJ 5 $ ^fL^ffLC0f@glJC0^I«t*|- 

©-CI2ft<, Bffil 0 7^§re«^ft^-cort$ (^yy 
v'y^, /^y=i>#JhSi, BfcB, *°-y^e t c) *fci± 

18, WflF^-^o^JRIBe t c) i^SCT, E5£, 

[0 4 6 2] *fc, *gjg®ffi 3 9 3 CD1H' X«2flf 

fc t *.m , -^-r xco^ct s as 3 «»&_L-e*>o r t £ ^ 

7^ ^KIKjeSftS ^)i, H^^co 

**R14, S*3 9 3f±^*L-tafe-<2)^gi4^<, 

4^©#^^tmt-rs^i4^-rLt, Rfti^of- 
^*fc}4rt^srse«t§*^<rt>j;v\ ft#, m&m^ 

Tffis Mi£)£t? 1 5 J; 5 LT t> ± V \ 
[0 4 6 3] (0 4 8) (4 (04 5) (04 6) ^CDfit 

fi»mHJ0Tfe5 o ft*5, (048) (C*5^T411i4 

<f»ll (1 4 1) wftOfflUfSfcLTtiv^. 
9SK7-f/<4 1 ltt, S*/^/V2 

4fc*4«*3 9 3}±»S3t«l 4 tf^Iittiv^ 

(04 8) T-(4^*«S3 9 3 t, MK7^f^4 1 1 

[0 4 6 4] #3HKc9^§£Bte2ocD:?V— A^^ey 
485a, 485b % Mt$$-f 5„ 5J 9 &X.gB 4 8 4 aAS 



y^ey 4 8 5 a Cf-^lrMLt^SB|14, t2J 9 
U4 8 4 b (i^^y 4 8 5 b fl^T*— * Srfc^-tB LTV^ 
5o $1-5) 9 Six. 95 4 8 4 a^y^y 4 8 5 b \ZJf—9 
£r*&»LT^5fS|ii, $J!)ftiS64 8 4 biiZ-^y 4 8 
5 a d^x-^Sr^fcLTV^o J^JiW i 5 \£* * V 
485a£/-^y485b t f43£2J-i!^ffi L t » 1 5A 
^frfrti5„ 
[0 4 6 5] fg*$B4 8 3(4 (0 7 6) M^-f <t 5 

AASti/c^T 5 -*^ "TO«if" , 

-So 

[0 4 6 6] fSK7^f^4 1 1 [i^ h^T^COitS 
Sllfc5^iiSJfMS3 9 3^g^$fLTV^ 0 iiK 
7^^4 11 (ri±S*3 9 3 (3»t£«1 4tt<Dm& 
i±, 1 4 !igM£tlfcf83t*^- 14 (14 1) 

f|iJ#P1-S„ ^11^4 8 3i±C©^SK9-T^4 1 1 \CM 
It L fc-r - ^ £ffr&-f 5 © 5 „ 

[0 4 6 7] — ty^&xMA 8 4 b^bWft^X— 
^tt, K*ffi^SiJ«ia4 8 lir&feftS. 8*^f-§-ftiJ#P 
g|54 8 ltt^f-^ir^tL. 1C%&^"?«£E, S*I*I*S 
SM^flVX *fc, 1 Hfc t< 141 DSte^aSrffV\ 
ffiilJl 2 2 6 ro«ft-3iaElM*ttK:A»K:»S1-5 «t 5 

-^i*y-^ F7-^/< 1 o 2icfp3n$^5 6 

[0 4 6 8] V— ^ Ky^/< 1 0 2 lil"<^i/7 h&i? 

TOp$n5 0 ^cfc\ B»*s:Kov^-rr4 (029) 

(03 4) «fKRWLfc©-C^I»-t-5. L*»U 
S;f4 (02 9) frb (03 4) ^©^^KS-rSfc© 

•cn^v\ 1 mmn ^ticmmmm2 3 0 tM-rsift 
immmm2 3 oicTOp-rsR^i-^-wattSr^^* 

5> 1 vW&MWs, 1 H^tT^^o, 1 H*?iJrrt [^H#« 
«2 3 0 tPpiD^ti5B*^jf^-©fitt^te^*5 ID 
HteiEftov ^-f tit? J; v ^ ^ t iiw 5 4 -e \ 

[0 4 6 9] (04 8) tdsv^Ti^t^^J; 5 
W©S*KBt?«, ^fH^-©H^iECt:^s' ^ v4 

M 6d^tti7J^ti57t*^fPbTv^5 0 ^^t/^y 

a, ^^»iB^^ti/t«*ri:{cKa/3vb7x h 

6W*5*bS3ti*^y^5-f h^«t*3fc5 loco 
[0 4 7 0] SIort4^&$lii^/v2 1 (CEP 
# y * - y> B*#ffi-§-© rt^t i. o r ^{b S *r t i 
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[0471] fe&}?74/«D$m\-£, m^mm* 

i:}4w5*T*kftV\ 

[0 4 7 2] fjfc, ^:7W-Att)fci9$iJ#p-r5^i± 
4V\ iI*COB&#x-^£1i7l/-A}i4>fc9S 
[0 4 7 3] K±o± 5 f-*3SlKcD^8g-m. Bfcife 

[0 4 7 4] (g4 9) (±« 2 7 W-A£l_h(DfflM-e, 
¥*Rl 4tL< 9 3 fc&fEU hV V 

(04 7) 7^4* hTV T^CfcofciiS, (04 9) li 

[0 4 7 5] (0 4 9) -Ctt, Mil (ffiiD taHtoMte 
9 0^Lfcffi^Wv^fc£r^LT^.5 < , Lfc^ 
ot, 0 7 adSft&BfKftf-l 0 7 b—l 0 7 c 

tftt), 1 0 7 d^St>^5V\ 0419, ic7U-AcO 
MWC0 5 1 0 7 a (4 3 7 &mffl. 1 0 

7 b (4 2 7l/-i«, 1 0 7 c {4 1 7 U-Affl^CD 

^«s±«)iftAji 2 2 6 bizmu-rz-m 

-efc)SV\ (04 9) (14 7) T1it71/-A 

tMt-? 5 ^ t (4W 5 stt>4v\ 

[0 4 7 6] (|3 9) ^(d*5V^T^SeS3 9 3(4, 
Hffil 0 7±^kTN«?fcfe4-f 3 4 5 
^WcBBJtf 6t>©-Cttft<, (0 5 0) <7)4 5(-«^ 
LT&4l\, (150) iC}3V^T, 3 9 3(4*S 

m«iLT^33\ iti(-H£1-5 ! b»-C(4/j;<, fci 

^!4*3fc«l 4tet^^Tt>4V\ r©^fctt (04 

8) trnm^hv, Bffihm-tcfrtbX'hz, o^t>, 

JfiJ) S«3 9 a^sCSrM^L-T^-t-a^, rtUcp&E 
t5tot-i4)5:< *3feffi*ST' fe o T % 4 v \ 

[0 4 7 7] (i5 0) T1J2oOfSK7^^4 11 
a, 4 1 1 bSfJIlfU jfe*K9-f^4 1 1 ai4ffl« 
BtlBl$jifctiti3 9 3 atSi^, MK5 

-f 4 1 1 b ic^mw s t-iag $ ntr-^mm 393b 

f-S^£ti/t^3 0 0419, Mf|i3 9 3li±i5^I 
Iks SStS^5*tlffi3 9 3 fcgSffi^ftTV^,, 



[0 4 7 8] (050) <D^y9 74 H4, NTSCf 

©-fy^i/-7g^ci^/v2 1 tli^-g-^-frrffi 
1^3^ ir;5W4 LV\ (0 5 1 (a) ) ic^-44 5 
3*71-— AT'i4, ^SSS3 9 3<£>348:#@ (3 9 3 
a) ^6IR»C*4LT3femimiit-r5 (t>L<H\ M 
f B #«JS^tt£*i-43^f4, ^co$fc-43) „ fflff 
7W— 2»T?i4 (0 5 1 (b) ) CO 4 51-, itfS3 9 
3»ffi*C#g (3 9 3 b) a»e>«lfc*2ELT3teWJt:|KflB 
fci"5 (t>L<!4, «A^<WSgffi£#irt5#a-B:, 

o BLkw4 5K (05 1 (a) ) fc (0 
5 1 (b) ) ^m-^t>^^^.tKX l 0 (0 5 1 
(c) ) co 4 5(-£Hffi^jlK£;}x, locoS^Hffi^ 

[04 7 9] (05 1) t*3V^T, ^">-®J±a^P 

JP$tb5*SmS3 9 3!4-*To}cPM£-45tco-t14 
fc<* flafc^-CfciVo 4rc*4)B^fciiifficoJ:^bT 

T^ta^Tottivv 4fc, i^tiottt?y 
^A^-t?t4v\ £XJicoci:i4 (04 9) co#jjg(-o 

v^rtiiffir^5rti4s54r*f=cv\ 4fc, 

ttJLT, SiJ«*-S:^'9mx.Tt>4V\ -C0it(4 (0 

io) (Dmmtmmxh^oxmm^m-r^o 

[04 8 0] &,±.<Dm^\C 4 9 , S^/^A- 2 1 ±iC# 

H#^««#(c^^^<i-5Ct^4 9, 

3 9 3 *m v »fc D , 1 4 irilff L 

fc„ L^^b, ro*-ffit4P>Tt fc, S^;>2 1^ 
coe*#{f #«r«iJWt-5 ' t K 4 9 , B#«^ fc E«^co 

Hit W*T$*fcf t (t*>6^ (03 9) ~ 

(05 1) ) <Dj3£.tmfr-&i*&Z>z. t}4isr-fo 
5) , ^Hi%icM^^^5r fc(c49, SttBt 

[0 4 8 1 ] /£4o\ *B^»#©fiiMi-45V^T, fflftZti 

L*^-, Mfg^lrvhy s/^t*cfeL<(4x h 
7^7 , ^(cM-<, rtb6^^fPLTfi**^ToT^4 

[0 4 8 2] L^U a#^tBtt^fcC0H(-S^ 

mm?£t\ mmt5M^$)5, s*#m-^co^w- 

bSrfci45t, 1f^aiH^coJll?£«^^< *<9, 
3^b^ifi<^5„ rcoiiM(-*j-45fcfe, (0 5 2) 
ic^-f *^KcO^^/^^/VC}4, ^^/^^/V2 IcO^t^ 
«10 7^4o®IS (10 7a, 10 7b, 107 
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c i o 7 d) fc$Mwu ztietKDmm&mwvt&y 

-^F7-f^ (10 2a, 102b, 102c, 102 
d) ZMf&h L< ttSaiLTl/^. 
[0 4 8 3] (0 5 2) t*5V^, i/^f«10 7a!4 
y— * Ky-f/n 0 2 afc.fc!JKS>$;h,5. *^ 
fflttl 0 7 aOTFT2 4 1 afty-^ K7>f/<1 0 2 
a COy-^ft-§-^2 2 8 a tSM£tVT&*3 , Ttfc, f 

7 b«:y-^ K7^f^l 0 2 btJ;»5ffi»Six5o * 
fc> SfWl0 7bOTFT, 241b COT FT24 

1 b i4y — .X Ky-f ^ 10 2 b ©y — .Xff ^i§2 2 8 b 

fc88K£*x-c^5„ y-FP7^^ioibK8 

^$^TV^„ »S/7f*10 7c©TFT2 4 1 
ciiy-^ Fy-f^l 0 2 c©y-^ff^-H2 2 8 ci 
b Ky-f^l 0 1 c (:< S^Mfcl 0 7 dCTFT 

2 4 1 diiy — y FyV^l 0 2 dCD^r-X|f^2 2 

8 c ty- h FyV^l 0 1 dKmUZtlX^^Zo 

[0 4 8 4] r©i5t«^-t-5rfc{C,tt3, *^«t 
1 0 7 a~l 0 7 b^fflSiJfc^ibr-^So o*ipB#^$i 
W^%&Zt£fr%< Xh iV\ fctill 17 1/-AO 
ftl9J© l/4<DV$fflfcy — y F^-f^l 0 2 a £ 1 0 1 
a&M^T, i*IiSl07aWM^L, &© 1 
/4©ltSrai~y — y Fy-f^ 1 0 2 b t-f- H Fy^ 
10 1 bSrfflV^T*^ffi*l 0 7 cdSWfcSr^U * 

%.<d\ / A<D^mcy—^ Fy-r^ 1 o 2 dty- b f 

7^10 1 dSrffi^t^^JSfil 0 7 d tSMiSri?* 
[0 4 8 5] B^£S*LTV^^§|$#f4, 1**8 1 
-f(c\ 17U-A©l/4«)Wl;!!lSt^U I© 

[0 4 8 6] &3b\ (152) flii^W 1 0 7 (4 4 

t, 3 ^#J-e t> 4 ^#J£A_h-C t> «t v > 0 fcix.fi 2^91© 
4§1§i4, ffi#&!Wfc£*iU 

[0 4 8 7] (0 5 2) X-tt.A-O<D0hl-O<nW&%& 

ft^iU flfc©«JSSrH** (Stt4i^) it 
fc3\ rftJi:|5gSt"S *>©•?&&<, 2ofe5^fi3o 

t/\ £fc, (15 3) ic^44 5^SSt#g*H«imS 

[0488] (g|53(a)) }4HS* 8 1 a , 8 1b 
tW**8 2a, 82btLW5. ;i©S*R?Kf4 
l/2 7l/-AW*S)5 0 (BS3 (b) ) |4 (05 

3 (a) ) CD#;cD:Kfi-t\ H**8 1 a, 8 1 b ©£ig 
£-f£>*, *fc, MS*8 2a, 8 2 b ©{iESrf 
*TV^5 0 rco (15 3 (a) (b) ) t*17^A0 



[0489] (0 5 3 (c) ) }4#C©y U— AW^Htr 
m-to (05 3 (d) ) [4 (05 3 (c) ) ©#;© 

ytn^-fc (0 5 3 (a) (b) ) tfl7 

U"-A©Hife£^U (05 3 (c) (d) ) T*Jg2 

y u-A(Dmu%m^-rz>o ph^hs^*© 1 

/2l;^t5ttt)^ BBPHSr&ftT** (fcti 

i4, (0 3 5 (c 2) , 107a, 107c) "45, 
[0 4 9 0] ft*?, (0 5 3) ICjo^T 8 1 ©ttgFft4R 

mS3 9 3©#NimWi£#x.-C>b4v\ LfctfSoT, 

(0 5 3 (a 2 ) (d 2 ) ) {C*5^T\ HS1 0 7 

tt^S^tt* (HSjjMfclliasftW -e&o-cfc.fcvv, * 

fc, (0 5 3) -e!4S^« (7cixJ4\ 10 7a) » 

t©-?i4ft<, feiiaS^fSl 07 a, 1 0 7 c t 
10 7b, 1 0 7 d ©^fB^fc-^riCjc^ijO X> 

[04 9 1] W-kroHJfeMTiiH&fcS^LT^SffiWc 

ii-SlitLt^fc. l^l, rtuai;t-45&©T* 

(01 0) §-Cf!l|fiLfc± 5(-a^§|58 l^#W5i? 
PM!4flK*2>^ ftH^i4^*< ft5„ ®t^itt^ji 
iS8 l^fcW3:£PiEH:H5<*5i6S, ibSWy-^38 

[0492] z<DW>mxt-bmw<Dm?>£\*, wtty- 

^©ftygfc6^i4S*/^A-2 1 ©JifflJSSftirlcS/S 

fcfffcfliVTSftfciRJg, ■MET?S5.fc5fcLT*s< r 
i#S*LV\, fcifctf, (0 5 4 (a) ) [4SWI** 
(«TH«) 8 2#-«< 1 (0 5 4 (b) ) ffi 
(0 5 4 (c) ) ©:RfS^St>j£< LTV^5 0 * 
S3, (05 4 (d) ) i4££mKffi-C-fc5 0 

£54 5ScLTfc< r tic J; 9, 5 
rtiJS-etSo fc*5, (05 4) t^Tfe,&*Tf!«8 
2 t l4^*/^;u 2 1 ©!!Mg>**ft*£ Hfi5:f:ii 

[0 4 9 3] (0 5 4) (4, £ffi|8 2 i4 1 OCD^ 
-Cfeo/c^, (0 5 5) }C*-T4; 5t-»©^8 2 

a, 8 2 b-et 4 <, %± 3^£k±K^m^nr^^xt> 

4v\ (04 6) <D £ 5 K."?h!)y 

$nxm^$nxi>i.\<\ ifcisot, ^*Tffi^8 2(4 

[0 4 9 4] *4b\ (0 5 5) tdoV^T^iRitl 0 7 

b figs l y A©a«Sr, i o 7 a [4JS 2 y 

A<Z>H#^ N S^ift 1 0 7 c ttf 3 7 W-A©B 
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tli^ MT%$ 8 2 a teM 1 I/-AO*cD® 2071/ 
[0 4 9 5] J 4 Y 1 6W^i4, h 

(056) i^-ri^i^y^?^ \-±fo*tma^x 

(15 6 (b) (d) ) asjHffJttB, (S56 

(a) (c) ) tfmyinx~h& 0 

[0 4 9 6] ^ &tr#Mavm&t^ «i*r«yi*t a 

£1-*MJ, 0. 25St/t 2 gl. 5 ©H^Srigjei- 
SriraSM^UN, 0. 4gt/t 2 gl. 

[0 4 9 7] (056) ft^pfB 107 jSLTjk 

*i\ ?M*T-r5t©-t-fe5o ^sfffi i o 7 ££*r, ?g*r$ 

3 9 3*MWLXi>ftoZb&-?%Z B ^coffi, fgf B * 
^/^/V 2 1 2 5 5 tcl«i±^Mp-f 5 r b £ 

[0 4 9 8] SH^^A- 2 1 fi^dlS 2 2 6 cD^ffi 
mzt>tc<0MfaWM2 2 5^j^$tlT^S 0 ^fe*^ 
/^;V2 1«SNW (/— ^D^y^h) ^e-Kcot^, 
*J-[b]««2 2 5 tTct&miE (ffiftttE) SrMtSi 
IW^iftS„ NB (/— ?!I^7^) *-K-Ci4i 

iiNW^E— Kt U M2 2 6 ^3fSttE£li±©«ESr 

[0 4 9 9] fc*i, BMfcas3i*Sn*v^i:Ht-jR»K* 

[0 5 0 0] (057) it/^/V^^^lElSS 571 3r Ad 
5 0 Sf;^t5ffifli*±7 (V) ©ttffl-C, «T« 

[0 5 0 1 ] /<;\<X%%m& 5 7 1 (OmtlfeV) <9 
g§4 8 4<D^aKmm^tlXV^ a ^)t3#^[HlK4 8 
4©ffi^-bi4@SSfit ^IxTV^S, 5H9*X.lH]K4 8 
4i4T-^n^X-ry^, J-lJ— , CMOS!) 

■7f^^t5„ « 9 0^4 8 4 coffin a 

9 , £ fc^cOBSSl- £ <9 & L < fi^/^/V 2 1 — » 



[0 5 0 2] ^i9mx.lHlSS4 8 4 W b S^-ffil^ 

«*^«f) !-*f[^a«2 2 5(c^p$ti5aj±^ppjip$ 
ftfaRmmmm-z. y^-/vv (7v-a> fetse-r 

71) ^*^te«^^5fc*(^ ±0. 8 (v) <Z)t5H7? 
mff SrHS-et 5 J: 5 fc#Jt 38 < r. t t)S»* U \ 

[0 5 0 3] $fc, ffiS,S^^^2 1 7)5 OC B^E— K 

©jt-g-ii, m^mi&mctmfitK^nm^x cess 

[0 5 0 4] ^9*X.HieS4 8 4(DffiT-Cffi«i,S^ 
^;V2 l ©*t[^S:fl2 2 5 fcS^$lx"tv^5c L/c^o 
T^>9^x.Ih]SS4 8 4coS^-c^bi±S^-b4fc(4S-7- 
a tSi^5„ Lfciiot, *SSffil0 7S:I*$ 

»[R]m*2 2 5l^S^-a tS^-bcDSJ±^3?SI-MP-r 

JDLfc**t-rniSJ;v\ rixibcDM»i4ffiMlHl8§i o 

3-cfT5o sotPiaissi o 3^^^t^Il-m?^LTv^5co-e 

[0 5 0 5] (0 5 8) (4, (0 5 7) ^-f|l2|f)[HlK 

«>l(ifP*RWi-«fc»roR?iig-e*)5. (0 5 8 
(a) ) fl*f[B]m«2 2 5CVc (a^-ySJE) 7)sppjp 

$ nfc fltffi-cfc 5 o ' ' -ettK w %®M> fc-t 5 fc ft iz v 

c«0 (V) (GND) t L-ttSBJ^-r5 0 (05 8 
(a) ) \*&^<%/l'2 llcymtm^ZfrX^ZWM 

©mi± t+Vj, -v 2 , +v 3 , -v 4 ) mm 

£tix&mw\?>m^£ti6o 

[0 5 0 6] (0 5 8 (b) ) it/^/V^|S^[HlS§ 5 7 1 
/J^*f[^«ffi2 2 5(r + Vr«JI?)5|^liP$tiTV^5i:i 
^.Sr^UT*3t), (0 5 8 (c) ) (4/^v^|S^[hISS5 
7 l^)>^*f|R]««2 2 5 1^-V rmJ±x5 s M^tiTV^5 

(CM^5ff^-»SiliM^g7Clt©8 0%~1 5 0%(Dm^ 
fitf&5 (*ft*fffl) o +VrSffi^g)JPLTV^B^R5t 
x i-v rttE^rBUnLT^S^M t 2 <D5piHffit = ( t 
x +t 2 ) f±, l*spjfeSS8Mt-S: , fob 

b^b, St»4L<i4l*¥^*fflHt1-5 
:iiWSU> t 1 =t 2 fc-r5rt^f*bv\ 

[0 5 0 7] (058 (b) (c) ) COi 5 l-±V r CD 
«J±^*ffp]«S 2 2 5 icmnlr 5 tSS 2 2 5 tiiffi^f 
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[0 5 0 8] £;ftb©*^)£teiftlWyro&#f£tt^ 

iri4H5*r^*V\ (158) ^T'(± 

*j-f6]m«2 2 5^^S*i: L-tciK tctx.lt. R, 
G, BCDH*2 3 0 (C^JS LT^flRj^ffi 2 2 57)S#fiJ£ 
HT?fM*^TV>54i^-H:, #*j-fR]«f (2 2 5R, 2 

2 5G, 2 2 5 B) itt, V rtJI^PPjOtTilCt 

[0509] *j3, *&m<DJBmum/&iFi3&sti-7 

[0 5 10] (05 9) {4, (85 7) (05 8) ©IE 

L/tt©-efe5„ ^^^0fg5 7 1 coffin iiic 
f/^;l-2 1 OM(RlSli2 2 5 ^fttfjp^frSo Lfc^o 

Tny7 ; ytr*j!5Ml2 2 6 Mi43£M«J±#M£ 

[0511] J^±(D*Jt«{4, *f[R]l;ffi 2 2 5 l^mi±.m 
5t©-Cfeofc (06 0) ##J 0 (126 0) iCfc^T 

(gi6o ( a ) ) itmm^imikm^^ ®6o 

(b) ) &ro±^bJi**l 0 7 b&M#fU 
rwMS^l 0 7 b£HBT#fr 5 (0 6 

0 (c) (d) ) „ — HffiCD±§|5^ej^C07^-A 
ro®^ 10 7a (060 ( c ) ) o 

[0 5 12] r©i5**^*ffi/K»*iSfeH: (0 5 

8) ic^-ri 5 (-*f ftS* 2 2 5fc®££fti;Dp-f5;fra; 
■et, (04 o) (c^i9*^*e«3 9 
na-t-srt^ta. *fc, (040) x'^m^tci. 

olc (06 1) id^-f-i SWtfccoHifm&Sv^ it 

»©i^t*f u i m^/mmm 393 £gag 

LTtiv^ tat *fc, jt*K9^r^ 

4 1 lit (05 0) i^-fJ; 5(-1ii:f@iS:tt?.^tt^ 
<, (@6 2) l^tiM-ifitfci^o ifc, (0 

5 7) -Ci4^]?)^X.lHli^4 8 4tit)Vc«E*fc[4± 
Vr«ffi**ftR]mS2 2 5(-TOPi-5ir L/c, L7>U 

(0 6 2) <D J; 5^*^*112 2 5^SS« (SgffM 
J£) 3 9 3»»^-i4, iJK7^4 11|:Vc, ±V 

5 *> 1 oSrlKLTMtt 5 J; 5 jsttlii 
V\ fctill H^-HT5i§£-f4 + V r t> L< f4-V 
r1;j±£rA77U S1S3 9 3 (=*f[6]*&) icAJj 
L> m%M^(DWi^\^ Vctff^ati3 9 3 (= 

[0 5 13] (0 6 2) IC^T, 9 

3 CO-r^riC— ffiLT + V r «±-£ fc}4- V r Mfc&W 



Mi-Z>!&mi-tt£<, +V rlfft-V rfflEtSr^BKr 
MLTt 4V\, fcirxJf+V r WEE £3 9 3 a, 39 
3 c ■■•fcftlJPU -V rSI±?r3 9 3 b • ■ ■ £ Mp-f 5 * 
SrC&So #^SS*3 9 3(C^p-T5Stt{47W-A 
fti-SSi^S ( (06 3) #BS) „ r 
»i 5 i-. *fim«3 9 3 tSI£Lfc»±£rMp-f Si 

ii-i'5H*«*2 3 oicm\)L.fcm!±t(Dmmm i ± 

±i"5o (05 7) (06 3) IC*5V^-CI4, (010) 
tiitiatK7'f/<4 1 1, y-h Ky-f^l 0 1, 
y— * Kv-^ 1 0 2 ii4lRM£i:o-Cg^^2 1 

[0 5 14] fSK7^f^4 1 1 &L<f4, 
0g§571i4, ®6 4) l:^ti5CCOGSf|Ci 
^j£B®»^&5g;M&?-6 4 4 h 6 4 

2 a"t?T WSffi2 2 1 _htSag-t"5r fc£W*LV\ 

aF7-f/-!4 i l^^^wm^ft-^ (m^aj±) 

T W&K2 2 1 _hi-^fig§^fcBBH/^->'6 4 3d 
£9e*£;fa5<, ^Ii2 2 5 tL<liMIS3 9 

3 tSBH/^-y 6 4 3 h 6 4 2 b \c£. 

'omn.m^mm^tix^^o h 6 4 2 

b 6 4 1 ©^MHJdJfM^tiSo 

[0 5 15] W-kcDi 5^**K7^^4 1 1#£T U 

ll^lJy-^K^/M 0 2, y-hF7^^10 1 
t IHm3Nz3Mlsi-5 ~ 4: K: «t <9 , as***^ 2 l ©JJSfiflS 

[0516] (06 5) !4£S«ffi3 9 3 bM%fit<D 
IBH^H^^L7ct©-e&5 6 fcfc'U iiii3 9 3 
f4, «K0H*fTK:*f-L-o03fe*»K3 9 

Tfci<, ^fc&tc, -a*tf(ca»:©^«S3 9 3 

[0 5 17] M1S3 9 3 2 2 2{% 

H«t)L< t±BBM-r3 r fc SritfJtlfc LTfffiP^ LTffc 
d\ ^ t> <DXfct£< , 3 9 3 (IT 

KS«2 2 HHim^UTfc iv\ fcfcxji; (06 

5) ir*3v^T, 7^fi««3 9 3 nmum&ftMi-, * 

©±»*IS2 3 O«rJ&£Lfc«j&SS09^£ft5o 

tf[H]S§-ett (0 6 6) Oi5t*5o ^h7-f^ 
*t<Oj^ESffi3 9 3^Rg^5fc«)tfH:*<, (04 

6 ) m^-t i 5 4»ttST^J;i\ 

[0 5 18] jfeJt 1 i a^tm^^ttsmn 

f4**SS3 9 3Kfcm£ti, rcDSJI (ft 
#) i4fim#:81 2 4 6 £ttT LTHigSS 2 3 0 
HZ> (P^) „ LWot, (06 6) cOffitdioV^T 
P^C0«^5r*f^T*t5^e», ifolJf 2 2 6 MEWJP 

So 

[0519] SX±<DMMW±^9M 3 9 3 t> b< (4, 
*ffR]«S2 2 5#d«Et L<i4ff^-SrPniP-r5- tic 



-45- 



5c La»U y-^ffi2 2 8tMfr-? (ft 

&5„ (0 6 8) (4, y-*K9^6 8 2 iMSPF7 
-f/^6 8 4 t^HHSr^, Wffi2 3 0II^l 

[0 5 2 0)811^^6 8 41*, V H m±£V l W± 
^ffi^)i-5„ V H ®I±i4TFT 2 4 1 
Sffi-Cfe5„ V L ®Hi4TFT 2 4 1 ^^-7^*5^-7 
ttE-e&So ffflW KvV^ 6 8 4 ttflJWf ^ 6 8 5 £ 
JMIU r©fM«fi*»6 8 5|;V H tL<BV L tJE# 
M^tl5„ (06 8) 7:14 1 *©faJMf-^$i 6 8 5(4 
3®*?T&:5MSL-t^3 4 5(-0^bTV^/5\ 
P£/£-f 5 t>©-?}4ft < , 1 B*=fTt 1 *©§J#Wf -^-ht* 
t 4 < , * fc , #B*tf 1 1 *<DfflWm&k-e 

(0 6 8) ©BJI2 3 0COTFT2 4 1 ty-^ff-^-H 
2 2 83;fc{4, y-hff-^2 6 1 £©g$M£fif44»3 
PL<(4 (06 7) ©4 5^£ft5o 

[0 5 2 1 ] y— Mf^l&2 6 1 fd^VWEtfSMP^ft 
5tTFT241b»yi, *©R#t- V~Mt ^ 2 
2 8lrPp^p$4xTV^S«i±SrB*affi2 3 0tPPint 
3„ Sfc, StJWI-8-^6 8 5{d^-ymjE^BI*D§tl,5t 
TFT24 1ajSt>'U ©B$(£ y— JXff-^H 2 2 8 

fc^oT, l o©pf^nni2 3 0(4-7*— h K5-<^ l o 

ZOfcibs ®*SS2 3 0(C(4TFT2 41ai 
T F T 2 4 1 b SrgiJfilKMW-f 5 - t 5, 
[0 5 2 2] (0 6 8) t*JV*-C, y-^K7'f^lO 
2(4, ±g&fflFf&Milf£ h Wv?^^ 6 8 2*5<fc 

U*OR[Hlgg6 8 1 , 7to^^yf6 8 34i*^f 
•fSo Sl«I±f4 3 (V) fcL<l±3. 3 (V) ©*- 

[0 5 2 3] ->7M'v ; ^i5'6 8 2lif-^ (DAT 
A) iSf^n^ (CLK) ST-SrjytU x-^jS 

tP^yf6 8 3^HC5 4 5(-«^$ix5, GO 
N B iSsrf-^irH ^/KC-f 5 t O R HIS (73 ffiTJ Ji^T H 
^tft!), -t-^-Xnr-fxiif^ (ASW) (4 

-r^Troy— ^W#i»2 2 sins i Gsm-M 

[0 5 2 4] (16 8) tlJ7tP^-f;;f 6 8 3b 
^P/ICTV^^, B*#'ft^-{4y-Xfi-^2 2 8 bl: 
muZtlX^ZZ. k\£teZ 0 #y-xffi-^H2 2 8CK4 



f-f43Et LT-y- hff -!§■*& 2 6 1 fcy— J*f!-IHl2 2 8 

li->7 M/v?7? 6 8 2©tB7Ji-i i 9]IIRlffl-fo^C 
TV^, ^tt^&fc>*r^ft^ i g-y-^{f^2 2 
8CPPiD^ti5 (f->-y c /v^-/vK^ti5) „ 

[0 5 2 5] r-j-n^^-f ;/^2 8 3 i4ffii&# U f U = 

y&WxMrft £ ft.T*s 9 , p y^/v©w/ l it l p 

tNf--¥V^/KDW/LlbL N t»M#i4, 0. 8^L P 
t), 4D£f£L<(41. 2^L P /L N ^2. 0©H#£r 

»jB**5rt!js#*u\ y-^fi^«»fi*i 
[0526] -zk^^sM^ ( i mmftnmswm) \c 

!41#©y- Mf-*§-$|2 6 1 t^>-mi±^glJP$ix, & 

©-*¥^«Pflr*i4?Jc©y- 6 i t^-va 

JI^M^Jit, *ff©y- Mf-s§-$i2 6 l fcf4^yaj± 

^m^^s„ Mf-^nt^-^aji^MP^^s 

fc, r©y-Mf-^«Sf::SM£;ftfcTFT2 4 1 &ftir 
yU ^©B#iry-^.fi^2 2 8 fcEfr&P^tl/C^S 
(1fy://w*— ^K£*iTV->5) «JESrpfjg«S2 3 o 

[0 5 2 7] (06 9) 14, S I GHFf-fcXfci-SlMfc 
«#<o»»-e*5. RWft«SK:i-5fc», (06 9) 
"Cf4 17-f — K (7 1/- A) -ei[UStei-5 1 FSIs 
©#£-£* LT^Sc ft*5, (06 9) COjSItNW^e 

-K-efc^xif, Bffi©±^it©«* hTvy-e, mm 

CD— #TtfSfiCD$tX h7^7 P t456 77i'7'OBt!)5 

[0528] (0 69 (a)) ©Hg»^feT?i4, t ± (D 
mWllcm^^-^2 1 ©^^Hffil 0 7iCi4S^*§iA 

5o (06 8) ©f#^7?14f|5iJWf ^ 6 8 5 14 3 
OTFT241bitl^tLtV^^b 1 fcU fflfK 
7^^6 8 4©-77 h i/v^^y ^ n s/^ fcy— h Ky-f 
^10 1 iC'77 M^-^^^^n s/^^|H— T?fcti(4\ 

t ^vsmz- smmx^mmn &mm^ t® <o it 
[0529] mm^mm t x t Mtig*«R5 1 2 1 

I4ftlj» K7>f /<6 8 4 ©3t£i, y-h K5-f^l 0 1 
(Dm&t^&LX (ttEt-IS^Trt?,, feb<i4^tf 

*ri7?fe5) tTx.i44v\ mm^mmt^mtffoffW) 

[0 5 3 0] ^ (0 6 9) (CSoV^Ttit t 2 ©P# 
i4, 0. 2^ t 1 /t 2 ^2©S«5r«M$*5 4 5^-r 
S^t^jf*Lv\ Sfc, t 1 tt 2 ©5V>i<tt)- 
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[0 5 3 1 ] (16 9 (b) ) tttjOl^t^t 
lb ©$K^fcttfck©-Cfc5 0 t la ©8?R5li (@6 9 

(a) ) ©t^Ka-TS. 04 9, S^SBIWCife 
5„ t ^©S^li^y ft-^iWffc5. t lb ©»JIW 

tiffin (^ y r 1 0 7 ) «¥»tV A © 7 0 %si 

_hi 2 o%«Tti-sr t&jg-t.Lw tKftiHr 
i (cy y ^-r-^&fr 5 #8-14, &©Bilffii-M1-;5 
?«gtfB^-©¥±SWMfiv A © 7 0 %K_h 1 2 0 %£IT t 
t5rH*JU\ V A ©|Bfi /! i*!)4 8 5fflr- 

[0 5 3 2] (06 9) (Cjo^-C t x + t 2 = 1 F 

t &©-et4ftv\ fct&fcf t x + 

t 2 =lH tLtt)£l\ o*^ 

lHWMSrtit t 2 t^f»U t.Srli^ (atJE) 
!*ttU t 2 £B«x-^ (g2$B) ^i-r^fii 

V\ ^Ltt 1 OiWtTFT2 4 lb^tV^t, t 2 
»WaFT241a^tyJf5„ fcfcU ffl'M K 
7>f /•? 6 8 4 fJil^^tlfcTFT 2 4 1b 

titcmm'tfh, y-h k5-y^i o Kisw^tifcTF 

T 2 4 1 a ^^§|xfcPIigtf tl4-^©r B 1lll--r5!^ 

®^&5o $ t>ftimi4ii*^mi-^ci-Bftx-^ 

[0 5 3 3] (068) -trtt— 0©ftlJ«fH^6 

8 5 IS 3 itDmmftZfflm-fZ i: htcff\ rixfi-M-e 

% i v \ * ih w-r § if jgtT » iSM-t- 5 & s ra * < mm 

[0 5 3 4] ftfc\ (168) (Cfc^T, 0J» Ky-f^ 
6 8 4l±rt$B©v-7 h U^^^trSjf^^^TMWf^ 
6 8 5 Srll^S^-rS b LfctfS, rtUcpi^-TS t©7? 

6 8 5Sr— ftic^Lrn*^^mbrt. iv> 0 

[0 5 3 5] (07 0) 14^— h Yy^^l 0 llvlGO 
EST- 7 0 1 Sr#JPL,fc#^-eS)5o GO EST- 7 0 1 
ftHl^HttS t^y- Mf^-«|2 6 1 \cir>mm^ 
tiU/£tT,5„ Lfc^ot, t^tOTFT2 4lMy 
^ffitft^ V-^m^U2 2 8(C|SpjD$tlfcmjE*® 
*SS2 3 0{C#tjAti- o 

[0 5 3 6] GOEST7 0 1I4 (0 6 9 (a) ) ©t 
feL<}4 (0 6 9 (b) ) ©I^JHWKHWi 
/H^-TSo L/t^oT, ^©JfflKICriSffil 0 7 liMit 

^tftSo ft&\ (07 o) (Dmmmr'n±mm^~& 
i-xmm^-r^bLtcm, s»*©GOES^-^?fM 

^-et5o (06 9 (a) ) ©t^fflW^V-T 

5 H*tf t , 1 2 © is * y-r 3 mm f? t &mm imm 



3„ r©«j5gi4, y-hK^^lOlttiOlKl 

x.r^- bm#^2 6 1 i. 5tf n«±v\ 

(0 6 9 (b) ) fcjgc*-. /Pft-«t lb 

©ilffl&TtSr tt4W?>^t?*>5^b, (06 9 
(b) ) ©^t, (06 8) ©miMSrSM-f Srfc^T- 
[0 5 3 7] «_h©H*M»y-^ 102/)>b 

M^^tT 5 ff^ t H#S^^t 5 {I^-©t^*-^ffl7Jl- 
5fc©T*foofc 0 L-^U y— * K7^^1 0 2|Ci"-< 

rAia^ii-st, i*i*{f^-©fss^m^-r5^s^^c 

[0 5 3 8] (07 1) teZ.<Dmm%tt®itZ>i><DX'fo 

S„ 7 1 1 !4y-fey Mf-S§-$r?&3„ -©{f-^Hlcii^ 
*^*fr 5 fcfcfcff ^a*M£;h/r^5. -MtLt 5 

KH z^t)50KHz ©Jg^rfifc L< l4IE?S?fiT'fo5 0 
(06 8) ^-t?i£BJLfcy-^1f^l 0 2 ^tfcfrfS 
^^©ffi-g-tlRHt'C'&So TFT24 1b#tyf 
5i y-fey h«-§-i»7 l l l-SliP$^^TV^5jf-g•7 1 1 

* s litlB2 3 0i^#^iA'iti5c, -?T©fcfe, 

2 3 0±(DMI2 2 6^iBlR]L, Rapji^lSE**i: 

[0 5 3 9] &4b\ y ir y h flMHR 7 1 1 ISpf^fTTJfR] 
|4^IJ©TFT 2 4 1 b fcg$cU y^r'tlcH^ 

[0 5 4 0] Sfc, *^K©Sittii^^-yfy^ 

T-t LTTFTSrF^LTfftP^LTV^5^ N i|x|cpgS 
1-5t.©T'l4^<, (TFD) ^if©^ 

if©/7 X-r©^ffl|c i 9 ^.^r y f-v^^f 5 t>©r-t> 

©^TJ^-TJ^^ilff^lf ©t>©, cMosyw— , *h 

=fT5*S-e&oTfc«tV\ 4fc, TFT24 lliKW 

vjlB^dSH^Sffi 2 3 0 KgSKSixT^ixtfJ; < , (0 
7 1) ©^gic|5g^$tt5%©-ett^v\ 
[0541] y-fey bii^7 i lttii^ (y-irj/ 

fffciiCV^) l4@SSfi (fct A.ff*HRlSffi2 2 51 
«0 W*#LT*3lt«, U-fey b{f^tB»SS2 3 
0t^mStLT#^atrJfM-r5-t^T^5 o r 
©J^a-|± y ir ^ Mt-^-H 7 1 1 iiBiltSS 2 3 0 Tt- 

y -fe y Mf -§-11 7 1 1 II I T Oft if ©iSiKSS^fg-r 
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mmm 230 ^KMmm^m-B-nmm t ntt & &v\ 

[0 5 4 2] TFT24 1 a^^ytSi- V— ^ft"^ 
12 2 8i^M$tlTV^5S*Mf-§-^B*eS2 3 01: 
#^3A*H5„ Lft^otS^/V2 1 CIft«sgf 
£^5o — TFT2 4 1b»yf5t y-feyb 
1 1 MFWjn£*vr^3„ S^ffleoffi^BS!? 

1 ^S*««o-U|3*fctt^^fia^i:/iSo US* 
5. b< fit, ^- Mf ^l§2 6 1 a aSgSK&ftfc^ 

- h K?^/*^ V- hffi-JH*2 6 l b *sS8»Stbfc^ 
[0 5 4 3] (0 7 2) & (07 1) ©JiiaSB&^ftfc 

©ft#asm;*j£*i5„ y-b k^-mi o i btim^ 

£tT5BS£iitXL, h 0 1 a iiBHf^ 

[0 5 4 4] (0 7 3) l4H*^Ecoy — * Kv-M 1 

0 2 b ty— h K7-f^l 0 1 b, PMfcS^Boy— * 
KtV/U 02a i h K7^/n 0 1 b £jyf§1-5 
«lS"Cfe5o TFT241aliy-^K5^102a 
}!lS8R§*lfcy-^flr^i»2 2 8 a KSBRiSft, 

b KtV^ 10 1a mSBRSnfc^- bflHM*2 6 

1 Bl^m^tlXV^ 0 TFT2 4 1bfty-7b*7'f 
/n 0 2 bKS8RSnfcy'-^fll*ll2 2 8 b(:il§ 
ft, Sfc, h H?>M 10 1b fcaWSftfc^- h 
ff-§-||2 6 1 blCgSK^ftTV^S,, TFT2 4 1 a i 2 
4 1 b!±SftS2 3 Oco^MmtcBflB^ftT^S,, 

[0 5 4 5] ro±5tTFT7W«t5-tlc 
i 5 , T F T 2 4 1 a teHSgff W£T*J«&H&£*^ 
L, T FT 2 4 1 b tHSfr^TiW^, Ji**£r** 

[0 5 4 6] (07 3) <DMf$Xlt, y^\ZM 
ffl£*T, y—X FyJ^l 0 2 a ty- h K5-f/*l 
0 1a»|li:, y-^K7-f/U0 2biy-FK7^ 
/U0 1 b»|i.i;^ ft^^-e-SfcltT-fo?., Lfc^o 

[0 5 4 7] (H7 4) tt (H7 3) ©«*fr<MSia» 

H^Lfctco-efeSo (0 7 3) ©fllj&tr&v^ 

T\ bff-5§#2 6 1 tSHS2 3 0 £r««<t LT 



#Jn^£*2 6 2Sr#jt-rn«lii»BSP*tffiT*-f»* 
[0 5 4 8] ^iPJJi, SMIttfCrt^tlSCt, 

W-^-^SrttE WW*—?, -rs 

»*jfe-r5rtsr#mt-f5o (07 5) te^<DMi&m 
xhh a fctcL, (eiio) t?ia^i,fc*flB«^, m 

[0 5 4 9] S*ttfB^*3[HlBg 1 0 6^b, K5^^3 

^f:7-^, HD, VDJSWff-^&bftSo 
/tayhn-7 1 0 3liy-hK7^^1 o i, y-x 

K9^< i o 2 £ftij#PLTJt^/^/v2 i tHIfeSsJ;^ 
MS^5rS^-t"5„ g^/^^2 1 _h(c^S K5 

^^3s*i@ifS5 7 1 l< wsm 

£ftTv^i§£i±, 

[0 5 5 0] Bfe^ff-^aaiHlK 106H^'/? 

hay Vti — y 1 0 5 fc, ^7^7^ b »,^«'|f 

Fay he- 7 1 0 5ii;iftlb©ff-§-};:g'3l'>'-C, LE 
DK7^10 4 (MI^Ky'f^ttiS^ltfe 

[0 5 5 1 ] LfJSot, /^^^■I'^I^tSS 

HMfcflHWaaiHiift i o etttSBWi^ 
% b < f±#KrClftfp-e 1 5 y f- S W^K 19 ottr*; 

woo**.*. 

[0 5 5 2] (17 6) (±*|§B^c0^tLr, R^ffi-^ 

^aiassi 0 6Soy'D y^0r*&5„ y^y 4 8 5 a 

^ m $ n 5o ^ fo am&fr— ^ ttm&& 7 6i-ei 
*#(t^a^^tiT, ss^aiHiss 7 6 2a tsibn 

SWfe fW fo 5 v M4J1 fflffiS K J; "9 S » KiaSTf 1 5 £ 
5KHSj*£ti5o '»W:#rt^i:ttl*:Bfc^3>-^- b 

Bf v^y-> t r t tMM-t 5o 

[0 5 5 3] JlHUitti 9^{b$*5«{4^/^^ 

2 1 ^mm-r^mmmm^m^^M-^n, mmm&%&< 
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[0 5 5 4] $fc, * ^ 1) 4 8 5 a (DM^f— 9 b 

JJ y^^^i--? h y y? £*i5„ r©7*-^ 

co^tS^y^ey 4 8 5 bt/ltt. rroi h y y? 

[0 5 5 5] fcda, #K*l»fc:i3^T, ti^5 

y 4 8 5±.<dt?~? s^-ewaassasft-c^afetf-e 
tt^i/ \ rr^f4afi?£*=g!;:l-3fc*, fea^ttift^ 

[0556] ^*D 4 8 5 b -e#* b^fc (toasftfc 
^^m, Sim 7 6 i-es^<5tt^a 

6 2 aiC^^tlSo 6 2 att^U-Ar 

LTL^5^b-efe5o Lfc^ot, SS^SIhISS 7 6 

2 a ttH*f*-^«)«fl:JlftiaaLft^fe«!ffl*tf 5. 

[0 5 5 7] Sff^SlHlSS 7 6 2 a liX/jSft*?*-* 
Sr^aLT, S*^^2 1 tciillE&TJ'^-x'TJ— * 

K^TTS * * 5 6>WJ« SftS R OMr-^K'i*t 
3 0 £fc, h l 6©J#R Ofc383fcSi«©#S»l 

a* (a) ^iifffi-ffi, (b) ^i-^m 

(c) vFP^^ffeSmiU (a) ~ 
(c) OHI^UJLT. *«^jcftig*J;5fc 

o 2n:(B@i$n5o y-^ K7-f/n o 2«y- h 

Ky-f^l 0 \te£tt'<y9y4 Y<D b* y 4 tmM% 

[0 5 5 8] (177) 14/^77-f hayhn-yl 
0 5»mi!Bl^fe5„ T'-^featt (07 6) SWfeff^- 
^ata]BSi:IS(^--f?fe5 0 ^eS^te^y 4 8 5b 

roft., **S^i4Sff^a[aIK7 6 2 b*»fcW***b5 

M, ,fcfcT#S©#*t^5;6-efc5 0 rfte>©x~-:?f4 
^-y^y^f b b'y^^l 0 4|ci^5„ 
[0 5 5 9] (g|76) (H7 7) fcfcVTWMt*^ 

(ffrfc) -TStLfco £*UciP*."t\ (0 7 8) 

f-^-r i 5 i-a«-r5«s I ^^/^^/v2 1 (Dm^vtmz 



H#7'-^ t L> r©M»x-^Sr%ffiv^r%J;v\ o 

5) Sr^-f-K^y? LT, J; 9 iv^B«^^t-T 
2>©-?fc5„ * hir^f-7 8 1 i4*f fafflg 2 2 2t«f 
#SUtffMLfc«ffifflm*7 8 3±<Z)«S,(7)3tS 

£E&Htfm-r 5 i 5 imrft-r § t 4 v \ 

[0 5 6 0] tiELS^K FED&f©gB3S 
3fe3t©#£-fc:t>, (El 7 6) ro,|2i()7jS;^affi1-5ii: 

fi£v\, 

[0 5 6 1 ] $|,g*/^;v2 1 £y-f b/^K/t LT 

b^ t (4, mmmzm^ Lfcm^mmik^mmn^. 

[0 5 6 2] ^B^^/Wi^t^©/^^^^ 
fcfcftBtf'^Tc^v^ ^iirw^iifSflBWjS^tt 

RTH^f^f^^W, fci*.fif, PDP, DMD 
(DLP) , EL^if y^^l©*/^ 
/Vi-*ffiicM^-T5o Ufc^oT, BtT©*^, 
^Bi4 Fy h-^ h 9 v 9 S *x 

[0 5 6 3] «±ro*5IB^i4^i: LT, gS^M^S* 

/^v^t LTfflv^ifSWM^SIS, ifa-7r^ 
^^tl5U Sfc, t=?-iLtfflV*tf, It 

[0 5 6 4] (H79) fe*mw<D&kimm^mm<vm 

[0 5 6 5] &7p/<%jV2 1 il^KISP^CO^^/^/K 

3 yf77* k^<— ^fRff B S^^^^ t'^ffiv^o r. r. 
f^WSfc«jt-ets„ 

[0 5 6 6] (179) (D7 $ 4\iM%k~7 4 /ls9X°& 
So 0^7^/^ 7 9 4 HT'y -^MDC^- 9— 1 4 
3Cit)@|s#l 4 2 5r^^t LT|iIte-r5„ »7^ 
/w^ 7 9 4 riSMro^V^ o-Y y 9 7 4)^9 (94 9 n 
^y^5?-/fe7-f^) 5 3 3?r»|l^fc$o 
fc^^Lrv^5 0 

[0 5 6 7] (181) f^^-fi^t, HI8 0 2©)| 
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W^¥4 V-aj yf7 4^9 (Uy-? 4>\>?-xi% i. 
V) 7 9 4^M^btlTV^5 0 jr-fpU'l -y?7j/Vjr 

7 9 4 RiiR3feSrSii-f 5„ 9 a 4 v 9 7 4 >l/% 7 
9 4GflG7fc£r3ii!-f 5„ ^^c-f y?7^/^7 9 
4 B(iB7t?r3Sii-r5„ 

[0 5 6 8] R«8 0 2(*[Uti-r5r tt«t5Alt3tl 
8T&5 6fi3t£ftS##JT'R, G, BftfcgSH-S. 
R, G, Bil;fI$tlfc)tij:7-f-/Vp>yX7 9 5 

[0 5 6 9] (18 0) iZT^-ti. 5fcl, Hffi8 0 2 fig 

%l< iin^i^ry yy-7°7XT-i ytm^fmh 

5VM4*J^$tbTV^5 0 *-^14 3tg#8 0 4tt 
gBe$tlT^5 0 Sfr8 0 4cD3tAlttl5ii(iAM)tl 8 

^AUilt-f 5Sii«8 o a^stuf+ttfj^rv^s, Si! 
^8 0 3l£}4AW3fe©KJH-&Kit-f 5A I Rn- M|f 

#=8 0 4rt©f! l SrScf! ; -f SStflteS 0 5^Kf?#ttejtV 

T^<5„ *fc, #dlM£8 o 5i^/wf-i^T"b<i;i/\ 

[0 5 7 0] g#8 0 4 rtfil^tffi!&»£> 3tffO*^*S 
BIBf- 5 r i fc: J: «? js^-f 5 Jtift W> 3 * 5 - 1 & T? 

8 o 4<D-m^7mcDi£fite£u:n&zmfe-t%±>y- 

8 0 1 riS&^ttttkft-CV^ 

[0571] 0 1 i4M*rt«7Kig»J±7J*3 iO 5 

9 1 ©*#£ffdh£-fr5 0 

[0 5 7 2] R^8 0 1 CDJIH^Sc^, £fcf4ffi7J, 
flt#8 0 4-CHtP-ttJ:t), R*Srl»±1-5**s-Cf 
5o fcfc'U f*8 0 4tlP^ff5S^li, zKS 
M^i4SfflTtftl/\ L*»U RK8 0 2<Dj!# l 3 

i 4 arow^^^^rfliffiij-etstv^if 

WK±©&*B:+#l;:3&#-?£5. Sfc, ttf*8 0 4<75 
Jl ffl SriKttft if TitgsftSP LTtIi\ 

[0 5 7 3] (0 8 0) ^-T«t5l-, Hffi8 0 2f4ff 
^8 0 4^^ffie$|xTV^ 0 ffifls 8 0 4 fi^S**^, 
%L< »±3i^^T!J y?WWX-Mmh 
Z>^tm$.£tlX^Z> 0 Ht8 0 2%L<B7^^7 



[0 5 7 4] S^/-?^yP2 1 ^{g^H75S;c)#^-«, 
®S^8 0 3i;:M3fcK£I£9tttt5a>fc5W4Mg* 

# 9 * fc 5 V * y K#H£r JIM Lfc£t£ Srffi V ^ 
[0 5 7 5] S*^/V2 1 til (El 1 1 1 ) i^-fi 

5 t-v-f ^ p i/yxr w 1 1 1 2 * i oit , ia±m 
BfcKJWKUfcSS 1 1 1 l&lMottariaWSL. 

[0 5 7 6] v/f ^ p K 1 1 1 2 }4JSffl«J& 

BtW^^I-S J: 5 fc, fc/hftHfli (W ^ni/y 

^.bffiX^Z> 0 :oI^llv/f^Pi'yX7W 1 1 1 
0#rft^ftif^&3 o K4>^iHftfi^aEESrW 

4v\ 

[0 5 7 7] fcfcU kyX©^ fcf y^P r 

ig^/i/2 1 rojl^roffMt°yf-P d i:^#ScoM 

[0 5 7 8] *7 ^KroVT^^^^KDBSt:* 'yf 
5rP d , wyXl 8 6©^Jt©t°y^5rP r i; 

1/P = n/P d -1/P r (tSl 5) 

P r /P d =2/ (2n+l) 6) 

© 1 1 -C& 9 , n VMS if y©sms^/h $ < 
fcS. LfciSoT, (110) Srj«fc1-±5^P r /P d 
Sr*»5tiv\ GB^Cl 6) (*£L 
fc) m<D8 o%J^±l 2 o %^T®t5HT'&ti(i»ffi± 

[0 5 7 9] ^jb\ *7 KD^Sr^ e>Wfi«-f-5ici4 
v^^puyXTK ill 2tSS/^;i/2 lMirfS: 

[o 5 8 o] mmm^% gfth-rsm*. ocb^-k 

^e-K, MSfS«* j e--K«:fl§^5i:«fcv\, 4t, ^ 
Mi^—Y, ECB^F, TNis^-F, STNM 
[0581] (i6 5) ttl oco^/^^/V 2 1 1?* 9 



-50- 



~S^SrfT5fc©t?S>ofc^, (0114) i!3o©S 
*/^;V2 lt'A7- ^^£1131,-45 t®T*&5 0 3o 
2 1 WB^tr-a-i^-r 5 ^ d -Y y 9~? x ) 
XA 1 1 4 1 fc, il7&E4 3 1 ^(ii9o(tfetlTV^5 0 
t^*/v2 lro^AMffliJw^tettf-^r-f-t 

3K&&1 1 4 2{d{±<3 0^P>*XTV>5 a *^/^/V2 
1(4(0 2 2) (0 2 3) (0 2 4) (0 2 7)#CD« 

^s«ffl$ix-cd3«j, *fc, (0iii) (c^i-^-r^ 

n i/yxrw 1 l l 2&4^KltRitS«l ml 

[0 5 8 2] S^/^/W 21, ^^^fy^57- 
3iM«l 1 4 2 te;ftH-e^-fgf*8 0 4t?g|f^t 
*5 9, (080) ■?&WLfc±5fcgtt8 0 4©rtgWi 
7]c*^3t±i^tLTV^ 0 ^r«ft, gf*8 0 4<Dftm^tk 

[0 5 8 3] mjty^rfl 1 4 1(4 (0 7 9) £ mmiZ 
UHP7V^, ^AjjyT", Jft/y^y^, /M3 

¥>7>-7timmtstiz><, yy?(DT-?m± (07 

9) tP^ir./^/V2 1 £>=fra*ffRl;g£rm (mm) iL 
fctt, 5y7°cOT-^gL (mm) (4, m/ 5 0 S L 
Sm/2 0i£;ft, 9 7COF-t">-/^ 

-Fi41. 5SFS3. 0CD^#Sr«je-f5i5!-#^ 
£fc, 7^791 bWr^*>^2 lfflia* 

(0 8 9) \Z.m-t2 0<T)4 >7-7*U—$ l/yX8 9 1 t 
7"!)XArK 8 7 1 ^ES£*t3, 

[0 5 8 4] UHP7y^7 9 1 ^bJfcWSftfcftfiy 
^^^■7^^7-5 3 3 3, 5 3 3 b "3 R • G • 
B3t0 3JBfe03tlS^I*Sn, R*i4^/^W2 1 
R(^ GftHtg^-^M^ 1 Gfcl, B3tf4^^/^/V2 
1 Bic^r^tiAlt-rSo ^/^>/V2 l(4^tL-¥4m 

3„ CO i 5 tMISntR ■ G ■ B*li^ ^ B-f y 
^y!)XAl 1 4 1 Id ± ft, g^V^X? 9 7 

mi 0 (0^*T) KifcfciftieSftS,, 

[0 5 8 5] UV I R7J y h ~7 4 )V*> 114 3(0^^(4 
^Offi-t?4 3 0 nm~6 9 0 nmtfc5„ R^ffi^c 
(4 6 0 0 n m~ 6 9 0 n m, G3fcCD#J#f4 510-57 
OnmttS. B)t(DWtt4 3 0 nm~4 9 0 nmt 

[0 5 8 6] 2 1 <£>JSH£rgf£ 8 0 4 "C® 9 

ffl*, @#8 o 4<Drt^^*^^Sr^sS-rSo RIM 
^S*^^3t5r^f|-r5^/^^2 1 R, m&% 

^/>2 1 B®3o©?g^S/T/^;H:IiL, ^o, r 

>f xa&sw4pb s ^jyt-rs*!^, rtb 

co^/^/V 2 1 jo 4 ¥v4 ■y7 7"y XA ft if 



£ i o©®#; 8 0 4 -c® 9 ffl^, g# 8 o 4 ftf p^K* 

[0 5 8 7] mW-8 0 4rt(C(4v'ns/=i7r>'SrEE 
U «^8 0 4^g|5(c(4ftf! ! «SrEB-t-5„ 

■y=t7r>-(4Wfe7t§r^f|-r5^/^/V2 lBfflET 

g/^;V2 1 B^l^t^tSo ft 
A««*5 4tF*ffi*H»J»{i*S4 3 1 i:S^/^/k2 1 

w^M^&it, ®7t«4 3 1 tm^<*^2 imicA 
mtfx&ffimr-zzxoKmifctZo fiift«4 3 i©s 
ffi(c(4««w»^iim#JBM/)^/ t s?.sitKifcK^^ 

[0 5 8 8] -7P-y37r ^ Pj CD^E*U4S^^^ 2 
lSrftWU ftafoRfcPfctfl-ttfeftS. Sf*8 0 

4 ft (4 ft U © $ * 5 «S 7 r > -SrEB-T 5 

[0 5 8 9] £fc, 0cfi«i4g^8 0 4^f|5(rE«$tl 

UJ3§8 0 1 &nfc8 0 4 1^m i 9#(j-T*3< £b 
m, Sfc8 0 4£B&*#3££ LT*3< r. t^#4LV\ 
7X#X/'.x (4 1 ^)±«± 5 ^J±«T(-*±* LT*5 < i t ^ 
»*LV\ 7k*i4^i:itKtTSitcDi:t^l/i 4 7? 

7t, Jt»*s*<, Jfr9S**l0ffifiE< ti«v\ *fc, Tffi 
[0 5 9 0] ^±©*JIMt14, ff#:8 0 4rt(C*?gXf 

^*%m-&h Lfc^m(-iiS£-r5 i b©-e}4^<, a 

5 19 t.^»^*i4HISn?f 5„ *fc, It©f 
M^ifcoTt)«f*:8 0 4rtSr«M-t-5r t(c45«i,^ 
7jky<^/V 2 1 ^co ^ 5 ©W^tfSKlt-C t 5 fc <^ 5 3f)*Sr 

0 4^if©|8i-5#^i4 (08 0) (01 2 4) (C^fb 
Tfcj@ffl-et5^i(4^S*T:-k&V\ ^fc^ hTa — 7 

r-f >-^l-«fflbTfc4V\ 

[0 5 9 1 ] (0114) ©#^7?(4Att«®{i**4 

3 1 btemzytww.<nm-&&m< , *^L^t-v\ rix 

tz£> (012 0) K^-tKy--^. 1201ft 

1 1 42^145. swssi 1 4 2(4 
mmwRi 1 4 2±^{i)t«4 3 l^MoitbfrT^ 

[0 5 9 2] ^db\ ^— 7* 12 0 1b S:t77^tlft 

fcL<f4*ffit^-t ; e^K*JKSr^U c\cD7r-x 
1201b tcES, -d7fe«4 3 1 frrnvmi-r-biiw 
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2 2 9«U -?rlxK^ (i=3»i?I*) 

HXSft t< tt3t»iRI»f*^br*s< t 
V\ (0 1 2 0 ( b ) ) T'(4^l3tS 4 3 1 fiftSPHl: 1 2 

5t>©-CBift<, {f*ffi4 3 1 12 0 1 b ©^ 

12 0 1 b T38£ L/tfii^-^ 12 0 1b &&m$ti 
M«l 2 0 3-CM^ti5„ 
[0 5 9 3] mm 1 2 0 3 tefck, xfl/y^3- 

AftiffcMU PH^IO. 5J^_hl2. 5£J(Tt-t 
T*5< ift}*&Ja^©Jjg&£rB&ik1-S 

[0 5 9 4] 12 0 1 ©^j2§P(rfiSc^5 8 5 

£&9-ofj-t&5o -©IScf^***. t< iljl^©^ 
*&££ott$rfcK:J: 9 3. Scffc 
15 8 5 £^£p-f 5 t fftiP* 1 2 0 3 (;:*f*asfig4rf 5 

( (012 0) ©-£§ttt^P£#BB) . ^(Dttffi£& 

*f!St©t-t*5fc*, ^rtt^-f i 202» 
fiKLTV^So ^©^^— +M 2 0 2(iJ;i9fta]ift(i3-o 
ft 5 o A 1 2 0 3#T» 

W£T*&3,, *-<-f- 1 2 0 3 {4{Dt«4 3 1 ©*§ <t 
fcfl-WMEE-fSo ^±©4 5 1 2 0 2 £E 

■1-a::fcKJ:0JMJfc»il£a*»£U fil#«43l£ 

[0 5 9 5] ft*5, >T-^ 12 0 1 {ZtM, &gi$t7F/< 
*>V2 1 SrHc^ofj-Cfc iv\ 1201cMS 
S^/^/V 2 1ffl71/-f St£ 2 2 1 t)L< fnlSffi 2 

2 2icLT%J;v\ o^<9s S^;v2loM[5)IS 

2 2 2 t tr-X 12 0 1b WlCjftSPffi 1 2 0 3 £?E*f 
3«Jj!cT*&3 0 fcf£U (dill) tc^-f £51-*^ 
/^;V2 lfc7^^nl/yX7W 111 2/^Doft 
bftTV 3 ^O^^Pi/yX7K1112 

t * 1201b fft^sps 1203 z^m-tnti i. 

[0596] (0111) CD <fc 5 f^^/^/V 2 1 
^f^nl/yXrW 1 1 1 2^^i9o(t^tiTV^#^- 
(4, ^ftbSr-fri Lt*K»ltt[aS^^/l'2 1 t 
-fZo 0*19, 1 irtt^tc, ttfa£®i.2 2 

2trn , ifi2 2i(cw^ ttfc %mmm 22 & tm 
&E*-t-s *>©-?&&<, 7^p^xrwm 

2 , SWKlfcSS 1111, (039) iC^f J; 5 
Slffi2 1 b^#JP$nfcSfig?SifT*feoT%, rftk 
Sr-a-feT^/^/V2 1 £Hf.£ 0 0*19, ^v^-f* 

[0 5 9 7] (09 5) ©J^i-^i^y-f h 

1 6 i*^/^/V2 1 ii&S— ffcfc&ofcfceD-Cfc^^/* 

^/V2 1 ^jtft-rs#^t>&s„ ^as-^ig^- 1 1/ 

1 4 1 l£OV^t>, ^(C|§)ti^fc[fpA/T-V>'r>b (111 



2 3) ©<£ 5ftttSfe£oV^ct©£t®9**f 3^ fctt 

f 5St^iV\ (01 2 2) cd±. 5 

4 1 £jyt-r5ii-a-fcfc5 u (011 8)© 

[0 5 9 8] ft*?, £A_h©3iJ60!B\ fitfM^SEtr 
[0599] £J(T> 7r'f^^v>t 

t-©*M {ymtk^m t, ?«f B s^Mvi^eif©ie 

[0 6 0 0] Jjfc, tr^yM 7 fcttt-x^-T 5 ^ 
V^5*^7©ffi(-^ FD> MO, MDitWV^^C 

[0 6 0 1] (08 2) il^fPJ©^ — 7r^^O 

Iij0jcofcfc©»tffi0^fc5„ (08 2) ©tr=.— 7 r-f 

to B B ^/^-tw^fflv^5 n taw* lv\ *^/^/v2 
1 ©tbttffii-iifl^vX? 9 s^ElliSftT^S. 

[0602] fll/yX7 9 5 ft^iUS 2 2 6 T^H £ft 

trite* 1^X8 2 4©*gb@*s/h$ <r 
1-tfo Lfci'ot, tt^kyX8 2 4&/h£<1-3ii: 

[0 6 0 3] &7F/<*;V2 1 fiTNiSA**^ 

[0 6 0 4] ^1/^X8 2 4i4ig|gy y^'8 2 3Sr© 
9ft(7e>ti/C^5 0 S8g!J y^'8 2 3©ftESriSS-r5 
iirici^ ««#©BS8 2 6©«lcfo^-&Tfc°>- h 

mm* ft 5 r t as-et 6 0 ^tcmmmms 2 e 

^Sfcfe, /^s/^7-r hi 6^£>©3t©JglRH4^<x 
[0 6 0 5] SK7Ps'^716fi, (0 8 4)^^1" 

± 5 KJS/S 0 & ^<i> t -t 5 BflBSftT? & <9 , «^ 0 h1k 

sm-r5t©rfen«M-et iv\ **kt*(4 (08 

4) K*srtS*mS5Sr»H^oy^ 8 2 l fc trffiffl-f 
5o 3S3t^H:A3tSK:l»e^5*>©-CB:JS:<, 

[0 6 0 6] (08 2) f^-f i 5 \cm%M7- 1 1 
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ffif-A 1 &if©II£ril#LT5itfffi8 3 1 (B83t 
ffl) ZMffctZo SWI4A1, AgC^Mft©!, 
if 5 7 - fe 5 V Ml HI iff a * £ ffl V ^ fc % » i V \ 
ffi©aJWtSWffi8 3 1 trflMbT^ot-tTt 

[0 6 0 7] SfeLED 1 
X7 9 5-ef3t§nt, 1/^X8 2 1 KAMI'S. 

* [r yvvfe 6 ^ liffifr £ bfc >£> cd £ffl ^ T ,fc 
V\ £fc, &*ffi<D— SBSr^PXLfcllllEcD^^A/^T't) 

ffl) . 

[0 6 0 8] &3b\ K#ffi8 31SA1 V^AWK-e 
IMt:SrK±i-5fc», Sffi£rUV«fJJg 
^t?3-ht5^\ %b<«:Si0 2 , 7yft^'/ 

[0 6 0 9] fc*5, RtffiS 3 1(4, ^SffSSiCi?)^ 

JfcfSffi, R*h>- K AJMRfttt5ortT%J;v\ * 

m/ 2 (mm) S f (mm) 
f (mm) /&Sm/2 (mm) 4 <0&>^bWfoi5i<O&^ 

flS/h*<fc0K*tiB8 3 Koflf^S^f < b 

V\ SW8 3 1 CD^g^#OV>i:*^/-?^/U2 

1 cD^M*cD±T&5V^[4^^:•»S^^^^^L J ^-r 

[0 6 16] — ^, f (mm) ^3/2 • m (mm) <£ 

K^y*?^ hcD*^t^ft</,eoTL* 5, 

[0 6 17] SfiLEDi5f?^-f^Oi^, 383feSI 
«CDE#!41 (mm) nMtbZo Sfctfcffi^tV^ 
feSVMl^/^/VCD^a^ilWfcD^g^V^ 

#3\ esi (mm) oswift-ett/hs^ii^-^ab-s. 

5 , 2 1 tAtt^53tcD^ft14^«< ft 

3tHt^l lcD|S3fc«#;6S/h$^fc, Slg*/^-8 2 5^ 



3£J££Kltffi8 3 1 fc LTfciVV #38BHB: (08 4) 
i^-Ti 5!-*3t*T-l 1 SrOcD^^gBBU -ft£r 
tf»i?£ bTJKffi-f 5„ 

[0 6 10] |8ftilf^i4ffiftttcD&5 1 t>cD£fflV'>5;: t 
**iJfflSW^j§ii\ »EV^fBfflffltSb*J;t)3fc«rJfi 
[0 6 11] rcDE*"C|S*^^/h$V^ (fife) LED 

[0 6 12] (0 8 5) f^-fi >)\Cl&m-Ztt., Wfo 

mm^&u (b, b' ) i±^fflL/j;v\ 0*9, 

*'7tDi 5 im^^^fc^Srffiffi-fS. Lfc^oT, 
IS3t*^-l 1 ^^a*f^tL53ti±l 8 Bfr<b 1 8 ACD$5 
HcDfccD&ffl^So 

[0 6 13] £J(±CD~ itf^. S^ffiilcD^kltJ; 9¥ 
#CD^cDgB#£;ilV\ $b!^*^cDTffite«i*flSM 
ftcDffijiffiJs&i: bTfflV^V^CD-?&5 0 
[0 6 14] g*/^A-2 1 ro^S^^CD^^m 
(mm) (H**fa*»**nT»5, ^-7/^^ 
cDH#£*6ftll#^Mfc^;i5l!tt£ (08 3) (0 
8 6 ) #J$) ) t U Sfc«(ffl«Eroji^Eit f (mm) i: 
bfci# (E18 5#M) s J^TcDP#^«M-r5i 5(- 

[0 6 15] 

S3/2 • m (mm) (fftSll 7) 

cD^i±, (182) lc^-rJ;5t7 l 6tmtWi-te®:«2 

2 a^^MW-T 5t 4V\ ^*^1 lcDttiltfilJ 

Jct£f!:«SrB«b, JI.^(j-JiCD|S7 l 6ffiaSr7tt<-rti-{i 

[0 6 18] &feLED 1 1 i4SS«i]*tT5o €S 

/h$<^S„ *fc, LED 1 1 \±/-</l'XmW)%ft? - 1 

t^-e^5 0 /NA^cD-ra.— 7 L ^J:bi41/2~l/4 i: 
b, Mlfflt45 0Hz«_h(r-t-5 o »53 0Hzt^£ 

[0619] LED11 CDlS^iSWcDxt^g d (mm) 
(4, t^^^2 1 CD*a^*«CD^g (*S#^ 
HSBI#^(-*"a^«*CD^e) ^m (mm) tb 
fc t ^KTcDH«5r?i^$*5 ^ t«S#* bV\ 

[0 6 2 0] 

(m/15) idS (m/2) (Wl8) 
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[0 6 2 1 ] 

(m/ 3) SdS (m/ 1 0 ) 1 9 ) 

5*®tg[R]t f tl^i£< ft 19 -ff^H^n ^ h 7* 

*f^S*S 0 . 5 (4 y^-) m 1 3 (mm) ) ©i§£\ 
LEDro&ftfcWfiat^fclXB:, i:#f42~3 (m 
m) ^SE-CfeSo S*ft«»^^iLEDfy/ro 

fc, 1 1 tty u^y-?jvm$L8 3 3 tttt 

[0 6 2 2] B&W*tttffl[B]'l4»*^) , ci:V^5Sft-e 

[0 6 2 3] JJLhCD^ite, fficD*^^(D*^gg!^fc 
[0 6 2 4] fcHS2 2 6-T?ffcSLLfc*£@£l|X-r5:fc 

ft, jfrrW— 8 2 2WrtffiSrEfefe?ii/M4Btfe(-LT*5 
AW* U\ tfrV - 8 2 2 -C«a3t*»JRi-* 
fc*-efe5 0 S^/^;i^2 lco$$bfl«S 
$)ftft^ilil Lftv^«S|$#) tlif^lt LTdo< 

[0 6 2 5] K,f B S 2 2 6 f41f*mS2 3 0 {cmU^fl 
©8g8 2 6(CpJifr5„ 

[0 6 2 6] t^-7 r ^^^T'i±«*#^5«Hi± 

8 2 4mici:<9m7££tir 

A' 2 1 ^ffl^fctfa-7 7^yy»^, ffi^jS*^ 
T!4)tiC»^#m^}4 0. 3~0. 3 5 (W) 
ofc£\ ^BJWfc'a. — 77l'>'^i40. 0 2~0. 

04 (w) ■vm-<Dmmm&.<Dwz>z% : m$Li-zz-b& 

[0627] m&m-ms 2 ezmmx^- (tj*^ 

iissgy ^^'8 2 3£iPS£*-m5o ft*5, 3tta 1 
i± 1 otpss-rs feco-mft < , itr'&ott)iv\ 

[0 6 2 8] ftib\ ^c/^/V2 1 bWR~fv 5-^82 



^S^SrBSJhrSfcfcUv^oaBtff (»3fetR) 8 3 
2 SrSEfiLT^K n fc i>mt. LV\ Jg**8 3 2 (iSPJi 

8 2 4^ffiB-T5ri:icj;i9, SS7*n y ?8 2 1 tic 

[0 6 2 9] (082) l*3ii@!eD*^/^v 2 1 £r/B 
^3$]T-foo;t 0 (08 7) (4SttM»^/^/Vt> L 
< {4, iHSi!§J<DS^^2 1 h^yv^f: Lt 

[0 6 3 0] /<-y?74 h b LX (0 8 4) iC^-f^W 

fc)tiiPB S 8 7 1 \Z-AM-tZ>m (3fel8b, 18 a) 

(c flP&W* i- $ ixt v ^5 7 ^ K *s — 7" y *s * 
/W7JS;-t?igii)-t-5iJ^i4, 3S3t*^l 1 b LTR, G, 
B©3fe©LED4rfflV>5„ itiE>SrS^^^2 1 ic 

L, R, G, B»LED£r^i£ii:TBflBLT%, ^ 

ifc^uv^8 2 4i9»6)^fct^t|fi3fc#:i lfiB^-f 
^TV^i^i-ft 1 ?. ^B<fetfetfb^3S^i-5 0 - 
tbSrWiSUI-Srtfei-. ^mmX'liR, G, bcdledcd 

^it±R, G, BcD^^^p-&«tia«LfcJ; 5 

[0 6 3 1 ] Sl^Pyi? 8 2 1 *»bWatUfc3tH:P B 
S 8 7 1 <D%ftffimS 7 2 X" SUHt I 8 a^gft^;^ 
•5, Pfi)tl 8 b!iSiii-5o rcoSii^l 8 b Mis 
A^Va y^P^it-T5fc*{ci4 (i8 7) ©J;5(-^ 
7 8^JfM-Ttb«±V\ *fc, PBS8 7 1rt 

Sfci±SBBLTfe< :t^*U\ 
[0 6 3 2] 2 1 ilAtt* 18a Sr^ff U 

j e»^m»j^ic)SCTs{i*^p{i*ic^»-r5 0 

l 8 c it, %9rWMs 7 2 SrSiiU, tti/y 

X8 2 4 iCAIt1-5„ 
[0 6 3 3] ft3b\ te7ty>X8 24tt (18 7) ©<£ 

fc, 1 ^¥Sfitt#CD»^tt, (El 8 7) 

J^-f-J;5^y^7-l > b l 6 blrittSrtCJ; 

SSMS^l 1 t^y^5^ M 6 b b%m 
l*J!:jR*r*-&Sri:tJ;9, !5ffa*^*IIS-et S. 

[0 6 3 4] ^^/^/V2 1 ^pDwij^^/^/VCD^ 
-a-fl, (08 8) l^-Ti 5tt/T^^2 1 CD^fe* 

iSj^esMK-rsSfigr-t iv\ PDMSf^2 i 

i±Alt^*®:SL^*r^Mb, miftl 8 b 

5 0 ncoftSLftl 8 b©— 15^1/^X8 2 4tAlt 
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[0 6 3 5] (089) \&m%m&-7y XA871 &m 
>-X (g?l l/yX8 9 1a, ff2 9 1b) (HA 

W-TSo -fyr^i/-^i/yX8 9 KDmMMia-z. M 

«ft/yXA8 7 l^EH^ixTV^o 
XA 8 7 1 it? y — 8 9 2 t X/2S8 9 3 

[0 6 3 6] (09 0) ffiS^'P s^&ffi^-f, H3t 
i?lltl/yX7 9 5 at«fTMffMU PBS 
8 7 1 KTJtStfSfcO-C&S. MfM^Hffitt 
7 9 2 5rfflv>rv>5 0 

[0637] (0 9 0 (b) ) ftI/>X7 9 5 ai« 38 

ftUl 1R, 11G, 1 1 B t 6fgft<D 1 i w^ia 
mztixis*)* rco*mMffi{-teM«2 2^SflS$^r 
v^5„ i£tfcK2 2©a>fc>9}£, 3§3fcllT- 1 1 R, 11 
g, iib, l iw%%MWt&<nhZ>mmt$x°*:- /VK 

[0 6 3 8] 2 1 CDHstbtf 5 :? -f —/V — ^ 

1 1 R, 1 1 G, 11 BCQliftilf^- 

fr>9, *v?yy j—jjy — y 4 >^$t£¥<D%y—y ^ 
frf&^-fZW&tt., l lwco^Sr^t*T§*5d\ 1 1 
R, 1 1G, 1 1 Bro3o£I^B$(£ / >&!)a'£-it6d\ & L 
<f311W, 1 1 R, 11G, 1 1 B CD 4 o©f^if 
fi&*£*^^2 1 i^tft^ 'CD 
m. 11R, 11G, 1 1 Bcr)^»T-^»Ar(^JW 

[0 6 3 9] (0 9 0) ^(d&V^TAClfigi;:^ 

*/^/V2 1 b SrBflELTt) iV\ i?'^W2 1 t 2 
1 b tSriBfll-f 5^ tt±9fl!*iMieiii#«r^t?f 5. 

;V2 1t2 1 btir#:^fflcD|*#^^LTt)J;^o 
Sfc$/^;V2 l SrRtB®2fiSr7>r— /VK'>— y 
^-^•r/v-e^^L, t^^;V2 1 b SrGco^/^i: LT 
%J;</\ t), l oco^/^/Kc 2 fecopHt^rS* 
ftil^cDS^^/K-^^coifeSr^^-e-Tt J; 
i\ rji&oifi8t»t5*«B (08 7) (covert 
IfffcS. ojt), (0 8 7) cDBcoffiFfi-S*^ 

[0 6 4 0] mm-fn y?S2\ ©Rttffi 1 5 COTf^tt 

(0140) t^-r j; 5 \z.mmm.o\z.i.^xm\i-t 
5o o*?)jiAfgitf tio-csft-t-So (0140 

(a) ) l^-Tipi-f ^SV^^tlSltffi8 3 lOl 
5„ o;§=9J$KS* h) 1 6«#</hMi- 



[0 6 4 1] LfciioT, fekSBiff <"T5r i 

U (01 4 0 (a) ) <Di.oim^.-t6t, 3fejRl 1 
fl^SfcttS 1 8 a flS^/N^/V 2 1 C£j§tT^ 
-f) TSKft^ £tffl8 3 HcAM^ZZh&XZ 
icoiSMl-*rJS-r5fc*, (0140 (b) ) it 
^-T<t5i-, 1 l^h<D^K^ms 3 1 at-S 

sits*, mmmyn ^821 ©sEA-e^stt^ 

itfcfL S*ffi8 3 1 b(CS»5*TS^/^^2 lie 
A#t£*5*J$^#;l£>;JxS„ 
[0 6 4 2] L^U (014 0 (b) ) (Dm^xnm 

4oTU5, Lfc^oT, AcDtMi-Atf Lfc*»H 
#=H±"t\ oi:feitTL*5„ ^rcofcft, S^;v2 1 

[0 6 4 3] (014 1 (a) ) »^ ©*f«Srff 
/&-C;fc5„ SBJ^'n -y^8 2 1 ammy'ti 8 2 1 a 
t821b a^Sfifc-TSo SBJ^'n y^8 2 1bi±<$ 
tWl^So SKt/n -7?82 1ai82 1b fciijlffl 
gSt-*5V^TiSJ*SBl 4 1 l-efS#£*5 0 

[0 6 4 4] ^^=¥> 1 3 5 lCD^tSf*, (01 

35) kmmow&&m&£ j &z>o *fc, ^^s^ 

1 3 5 1 CD#j£;£?£t (013 8) ^-etft^LTl^o 
mm-fnyys 2 1 b<Dm^S.e 2 (DEG. ) ft 

2S^e 2 g 2 oS 

3S^e 2 g l oS 

$-8:3 =. t Lv\ 

[0 6 4 5] (0141 (a) ) ©J: 5 fcflMWS £ fc 
lnJ:!K 3t«l l*»6JfcWSnfc*l 8 aiiRttffis 3 

1 a T'Ktt£tfV ^7°1 3 5 1 t(D#ffit?^S 
W^tlSo -©$L ftl 8 b ©£*#!*& 9 3 {1, <£ 

w©sw/n ?^82ibti9, *^t^sit^a 

Slt^n, mils 3 1 b^AWUTStt*l 8 d fc* 
t), *^/^*2 1 ^rffiKI" 5 (Mtf'<*->V2 1 i*0/^ 
L,rV35cv\ (08 2) (08 3)Sr#Bg) o 
[0 6 4 6 ] SW* 1 8 d itS^^n ^821a, 8 

2 1 bi*)£rE;lt-f 5» fet, SS^Py?8 2 1bM 
i1-tbif^^/K»MiJi-=t 9 ±% < SJff^ttS-efe5 5o 

ii(_hcDj; 5t-*i 8 &&nM~rz><D\mmy*v 8 2 

1 a t 8 2 1 b i:^|l^t>ii-rffiWca*-Cfc5 0 * 

fc, sa^f/i 351 \$m7F/<*^2 1 co^iRjt 

V\ **3, Sfl^P ^821b CO#4ffii4 (0141 

(b) ) ic^-Ti 5fcftffi*fcffl*ffifc LT% iv\ 
[0 6 4 7] JtaSl 1 ^^^it-hiSV^E (3tSS^If!9 
ftif^V^it) icfcD, JtJjtl 1 SrSltJS8 3 

jsgst m&tm) &m%msi-kom&\z* (0144) 
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Km-Xoi^ < ^lW©Si^P v9 8 2 1 b 
(014 1 (a) ) (Cit«LTji*fnI(c;LT% iV\ £ 

ff6 2 (± (014 1) tHfi|T*fo5„ 
[0 6 4 8] (Ell 4 4) T'!i, 3tMl l^bifcit^^ 

fc)tl8a ttftfet* y b £frfc£ltffi 8 3 1a T*Sft 

1 8 b ©StWift & 9 3 tt. < $ tW©aBJ3:/p y ^ 8 

2 1 b£(Bjt£*iT^5;:ilJ:.fc!>, *»lc^R*Wlfle 

RMZti, JxWJf 8 3 1 b (CAUL TRM* 8 3ldi 
£9, m^<^2 lSrflgH^1-5„ 

[0 6 4 9] ®W* 1 8 d (0141) t [Rl«{-SBJ 
7 , 'n??8 2 1a 1 8 2 1b rt^Eit"f 5„ 
2 1 Lfc3fe 18dt±< t*^X7 9 5 -e*jft)t 

18ei*5 c LfciSot, If a — 7r^y^Oticl/ 

yxs 2 4©wyXi^/hJ<-e^5 0 

[0 6 5 0] 9 5 bWF'^^2 1 H8 

[0 6 5 1 ] S=fc, «^/^/V2 l^g^^/ (&5 
l^tt^aiitttU) <04fr&M: (1146) <Di.o\mf&-f 
fl\ti.\/\ SS^Xn y^821at821b ££ffll^ 
£„ 6 4 (DEG. ) (4, 
4 OitS e 4 S5 5ft 

[0 6 5 2] (01 4 6) %M1 lfrbtltM&tl 

fcjt 1 8 a 9 5 b "t?l&Wft©#i;:^&£ 

ft, 3HJXp y^82 1a AWtfc* 1 8 

ate, y 7" 1 3 5 1 fc©*ffiT?KJt$il, 

3£18lbi*0 ^/-^v 2 1 AJH~t-5o 
;V2 1 -C^M^tL/c^ 181ctt, mW-?v yi> 8 2 1 
a, 8 2 1 b ft^rM-f 5„ itIKXn 8 2 1 b £S 
iILfc*18cH, (114 4) i»Ml/y^*7 
9 5T**j|Cttfcfc»), 2 4 fcAJtra. 

[0 6 5 3] ^ l/>/7 9 5 bi:g^D5/^8 2 

1 bum*, awwii, a^vw^ir-c-Jt-xx 

2 lb £ 1/^*7 9 5 LT^LTt 

«^/V2 1 ^3SStt«©i§£-(3: (01 4 
6 ) dTp-f J; 5 2 1 ©Sffit-^ V 

1 6 LTfe £V\ 

[0 6 5 4] 4^ (014 1 (b) ) \C7?rt &0\im 
WXp 8 2 1 a ttna^iCf^LTt, «ffl*tK^ 

30JXP y ^ 8 2 1 a teSKXta y^82 1b 

&t>*T^df>y/i 3 5 l *s— Sfc i 9 (^je£ 
4fc«:«figr5o fcffU S937p ^8 2 1 bftifd 
l^X$j&£^fc-g:5fc», ^t7 7"13 5 1^ 

*/^/v2 i (D^^tmm^r-Mit^^xh iv\ * 

7t, (014 1) (014 2) (Hi 4 4) d&V^TS 



ttBJ8 3 1a iifiJiSt L, l/^X«tg§rtfc*Tt 4 

[0 6 5 5] gfc, SBJXny? 821ai821bffl 
JSi»f*(±fiiKM£r#ji: LT Biff W<£ 5 © Srffi V 

V\ fl!l©#J*i4 (08 2) (08 3) <DMf&&mRl£ft 

[0 6 5 6] £fc, jS^Xp 8 2 1 CD&ttffi 8 3 1 

ott), fo5^}42^7c^-efcoTfeJ;v^i:tw54 

-et^^o »^8 2i ©*fflMst«/h 

[0 6 5 7] Sfc, (114 2) ©i5tIW^ny? 
8 2 1 bfift< ttiV\ S&JXny:? 8 2 1 a ©fttti 
Mffil:*li^/^/V2 1 SrSBB-fSo SiHit^^A- 
2 1 ©SESfiEl-ioTil, S B B B ^^/V2 1 tH* 
left l 8 d asAW-f 5 rit45„ f« f | J ^^/V2 1 

i*l8d©AWM^-ii:U => v h 7* h St1r1±§ 

[0 6 5 8] 4^ (08 2) (0 8 3) ©#^S^C^^^^ 
Tt, (0 1 4 3) (r^-fj; oKfflft-fu 8 2 1 

7t, ffiS*^' ? ^2 1 XLft. (014 2) \Z.jf?t£.5K 

®tbjrmcAMi-Z£oKLr$>£\<\ (gu 

3) ©MI 1 5 -e*t i ? Cli^P y ^ 8 2 1 (Og 
ffi^SiHH 1 5 frE«*fcttJgfifcU Alt* 1 8 b 

#^ JWT-e fc o r t sit-e § 5 i 5 (-IffiSc l t t i v \ 
tfcM*f 1 IB (0 9 0) T?RHLfcJ:5K:, R, 
G, BOLEDf^«U y^-^K^-^^^-r 

[0 6 5 9] (114 5) ©±5tSl7 , cy^8 2 1 
b^ttiltftiJi-flW^X? 9 5SrgB«LTfeJ;V\ 

9 5 hmm-fn b^-W-b LTj^MiPXL 
■ct>iv\ ^«l-**^/v2 i^ttM#©»^» 

(014 7) ?\z.mw-?*v y? 8 2 1 b©tt)tt 

fti](C[£!,^>X7 9 5^|BfiLTfe iV\ SS^o 
yV 8 2 1 b £dli^>-X7 9 5 t #tfb Lt 

[0660] (0148) ttS*^^ 2 1 ©HltSS 
2 3 0fEgltU)El 8 c Jk$LXVyX8 2 4 T?** 
■f'5^'S; _ efc5 0 PD^^/^/V2 1 ©i§-n iiNB^— 

T% S«^By?8 2 1 bSrffiWffit 0 5 ©^S$rtfc 
tT3^Py^8 2 1 b^bWtmtJtW^'fBlSrStfT 
(18d) „ 1/^X7 9 5©*Altffi^(-{4fe7^ 
/W^ (0**T) £rlEBLTfc i < , ifcl^yX7 9 5 
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[0661] (0149) [41 OOSS/a -y^8 2 1 
l?Hlt§!*^*/V2 l^t^SrAM$-ar5*^& 
5„ IS3fe»T-l li6»6>ft4tSnfc36H:, S»^ns-?8 
2 1 ©AT^Stt^«i I ^^/V2 1 (-AM-rSo 
MiSA^'^/V 2 1 f±P D*|ii^/^;Vffc >9 „ NW 
^-m*Tfe5„ Ufc^oTt^SL*^ 9 5t 

(18 8) wj;5^*^^2 l £§*&±7j7>6J?PJi 

^M-#)$-et5 0 **5 0 (DEG. ) (4, 40^eg 

5 5 tJfeSi 5fc«fiW-5^t*W*uv\ ffico^iltt 

Bg-fSo tt4 (0 1 5 0) (121151) (g|l 5 

2) icovv-ckHtffi-e&s,, 

[0662] (0150) (ilfiScoSPjl^'D 7^82 1 

%m^xm^*^2 1 ^Mw-rssi^r'fes^^ 

/V2 1 t LT(4, PDitlS^^iffltSri^ 
£f*LV\, g^/^A-2 l(:AMt5iM©M9 6 
(DEG. ) (4, 3 0 ^ 9 6 g 7 5 £fr34 5 HU & 

;£ L< (44 0 S 9 6 =S 6 0 <&B8#£i»jEl-5«fc 5 fc-f 

8W:7ny*8 2 1(4 (015 1 (a) ) 

if^/^/u 2 1 0>ffi*! tfSJE < ft 9 , * fcS^PHt t> W 
5<ft5 0 (0 1 2 4) cDJSfflt LT (01 5 1 

(b) ) <n£.o\mm-ft\tmm<D\?*.~7T4i'¥ 

[0 6 6 3] $t7F;<.*.;v 2 1 (Oflf j£^!4 (0124) t 
^ SJ &^-? ! HS^ofc^^co^ ; S'C-*^^^/V2 1 \CA 

w-t-a (0152) „ ^coi5t«^-r5^t(-±f), 

[0 6 6 4] 5^43, ^©t^-yr-fy^Mt 

7££^5fe»7?i4/j:<, -jR^^Sfifcbtfcfflv 
Tfcii\ (B7 9) (HI 14) f©t 

U jt*/^/U 2 1 cD^Bim^MII^T^ 5 J; 5 

[0 6 6 5] (091) ft^PJC'^^^Sr^— 

LTlfx^-*^7*#:9 1 2(^V^7cffi^-Cfe 
5„ (09 2) (4 (09 1) <D-«ffi07?&3 o (0 
9 2) 5t> 77/^—9 15a Ir^^/^/VflS 

ffi^ftltbtbTjo?), *fc*/^-9 1 5 b(ift^ffiffi9 



2 1 riS&Dttitkft-CVSo 77/^—9 15bi915a 

1 2©jfA95 9 1 3fcJRiW^t3J;5£«$£;h/0> 

[0 6 6 6 ] *r$c%ffii|9 2 1 [4SW-M7 ^/Vl/yXf 
«J*£tVO^„ fc^S^lttSfjiHSv^-B:, 7^/v 
I^^^i-f5i^®i4^v\ 3=fc, 2 1 &4 

0 5 **^/V2 1 CD^Jt!4, 3t,&9 14a, 9 1 4 b £r 

[0 6 6 7] \f7*3-J]*7*i£9 1 2 tC}4jff^VX9 

i i^ev-:7T-f ^y^^tttfb^Ti^So £/ c , 

Sil*^ , 9*:X.^^y^9 3 5, *~?-S^9 3 6iS 

Sf9#it$>5v^i4, safi^ix-tv^o m&KiovvcH: 

[0 6 6 8] 1 1 fcft%ffifll 9 2 1 ioXUm^ 

^/V2 1 ©SBBi4 (0 9 4) ©iMcftoTV^, o 

* 5 . &^ffiift9 2 1 cofLkfc L< m<ni5:&omcm 
fiX+l ltfSgBB£tvt^5 0 38**^1 lfrbtMtZ 
ftfc* 18a i4»!Mfll9 2 1 TB&W* 1 8 b 

-®^&£:ft/c7t 1 8 bf*^^/V2 1 £r(i 

915a, 915b (DtiLtffiM&ft 5 „ (0 
9 0) «T?tRHLTV^Si6S, aftSfrfl lttfifelcRR 

<7>4&£i4, R, G, B(D3lfifeL<tti'7y (C) , 
(Y) , vfyy (M) <D3£,T?&4V^ £}4 

[0 6 6 9] y^/vyyX9 2 l ii, 7^/v 

uyxosstu i4«ffi(c^SR^^#Lfc%co© 

t>4l\ 

[0 6 7 0] (09 2) ©*$K^tf*Sfc:¥fTft*: 

fNcU ZOmmi 8 bT**^/^7>2 1 SrH^T't 
5o 66LED 1 l^^lt^fe*^ Mffi«-CI&5p 
fx* (&*k ^&W*<7)^£rI:*-r5fe<7>T?f4/j: 

Ct7y^;vyyxia5 ; t7 i^c>is^^|57j±i- 5 (4 
[0671] ^ftffi»<7)^^igo(cig7t*^ 1 1 mi 

B^ttTi/^o * fc 7 ^/n^ yXi4 3 ^Tc^ro t » t? 
t 2?fc7C^co%<D-e%4v\ |S7fc*^-l i^^*S»# 
^•(4, 3» (H^R^) ©&cD£S/l-f 5o IS3t* 
T-l l^)t^»4 5t#^»^-a-{4, XifkTC^tma 

fc31£ 1 8 a i4^%ffi^9 2 1 tffi* 1 8 b 
5o ^ife^tlfcTt 18b (4*^^/V2 1 (C^S 9 7? A 
W~TSo 6 f4^W-O^MT"& 9 , Sit* 1 8 c 

^* i b«*#!-^-rv^4 5fc (&5V^(4*t>««#(D 
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[0 6 7 2] ®M%n.7 9 *±M, 9 1 4-eB]"l&£-ti\ ft 

t^B«5rlL^-rvMS:B(-P^-r5c (09 2) <om 

IMt*ii2o©^9 14a, 914b Sr^fr-fSfc*, 

[0 6 7 3] f/^^;V2 1 SMSfflLftV^f*;*;/*— 9 

1 5^i*/^;V2 1 coffrfflt-fc^*TIIB&, 5:^9 1 

4 a £T5ifti£*T\ (092) ic^-rmmniziRm-r 

^flBWCt [HSfit9 2 1 t4W£5$ 5-fci8 

tdvcTfcJ;^ [H]ffl^9 2 l^fcft? V-lC-fe 

7^**££Kfi4fcf±7gj&L-C:i8< iirlcj;^ pa 

[0 6 7 4] S*B^«S^Sf^« 3 >- }^.x h^rftt 

o if V ^ V— > ©affi-e(± if 5 LT & H&r ^frti^^. 
;V2 1 «^It£rff^LT L3; 5 U fioff^V-yoB 
ffi-Cilfi**Sr*'L'-{^^^/W2 1 cD^ft 
U*5o U^U t V^PHfe (KM) 

i-'-vtt if A/ if A^-r s *> b ft^fr^ftiit-iig 

[0 6 7 5] ^BlttrOTlRflifclBfci-afc**-^- 
R*g|59 3 6 *WLVifb<D-?fo5 e (@9 1) iil*^ 
<D^=^— S^SP9 3 6 ai &^cO-=e~;? — 9 

3 6b bzmvtc-mMMr~hz> e fcrru £>tw*» 

-t^~-j^§|3 9 3 6 a _ 936b & 

[0 6 7 6] ^?-*f^|3 9 3 6 a ii!Utf$WS3l^£- 
^•T„ ^ = ^~^S|S9 3 6 bH!feiO&^%^to 
«if»18 1(^t±5(C, ^e=^-*^g|5 9 3 6 CO 

[0 6 7 7] ^=-^-^§15 9 3 6 (SMiUS 2 2 6 cD^t 
^fftWi£r*LT^3o 0*19, R^/^/V2 1 coJliS 

[0 6 7 8] MR^CD^ = ^ — g*£|5 9 3 6 a (Cfi, 
= ^-StI^^^tlT*5 9, fcx.T, >Ff-fR)a:S 2 2 5 

5o icoXMSffii:}4gt>iIl#coM^i/ tC 5®t-e& 
5„ S/t, e^CO^ = ?-^?|59 3 6 bCO«HBl2 

2 6 ammmm £ fi-c** b-f , nmmzwn 

[0 6 7 9] snifter ©ASR (^e-^-^gP9 3 6 
a) tBU (^-^-^§159 3 6 b) b%&t£&b 



[0 6 8 0] * = * — 9 3 6 [lMi,Jl 2 2 6 

fetxtf, ^-9 3 6 a [±3BJ!S«»*ffi{'HMJI 

D . »a«Jt-SWO**B 2 2 6 Sr#K-r5cOT-fe5„ 
^tb^H^*^*-f^i:i-^5„ 
[0 6 8 1 ] Sfc, -e=^-g 3 ebiififS (ffimv- 

fctrottiv^ KmS»tfca#tti4MfrBJi 2 2 6co# 

[0 6 8 2] WJiCO J; 5 temm^WMsM 2 2 6 fciSM 

^SS9 3 6£«firc*£5 0 
[0 6 8 3] ^r- 9 3 6(4^S5i:SlJ 

V\ *^§&^B©/^/Wc:IIS^9 3 6 a, 6 

m^9 3 6 b©5*>i^*< tfc— #£7&£1-3. 

So 

[0 6 84] £fc, *^/^^;V2 1 ^SilSH*^-^ 
&&</\, j£fc> ^^^-S*S|59 3 6f*Ky MfcfeSV^ 

[0 6 8 5] -t — ^— ^*SP9 3 6 il^/^^;V2 1 ffi 

-r5t.cOT'tt^< , fficO^/^/VCO^ (STNfl 
^^/^•tW, ECBS/fA'^/K DAPi^/K T 
N«bI^^/^^/V, ^ftm« H l^-'^^/K D SM (lb 
WtfcSL*— K) /^/v, SlttHBlR] (VA) ^— 

3Sf4 E L^^ 0 ^/K L E D:R^/^/K /5Xvr K 

[0 6 8 6] fci:x.«TNwi I *^/N^T14, 

ta^co5^ / >?'=c< irt-^coS^^^-9 3 6 
MW^fsJiir^fficoR^-^-lfpg 3 6 SrfM-T 

[0 6 8 7] ^-^-R*§|5 9 3 6 SriBE-rSSWW® 
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[0 6 8 8] £fc, ^»^-^-^g|59 3 6 

ffl-et 5 r t i4w 5 £-et>ftv\, 
[0 6 8 9] j^_h<75fiiK»a^^^/— 

[0 6 9 0] ^#9 1 2 {ZJit^^TL^^i 
^ Vf-) 9 3 5^B{f9olj-b^rv^^-*'^-f 
9 3 4}4/ — ?!) 7*7-7 7^-Fi^ (NBfi) i:7 

— ?D *y-f P-^e-K^ (NWi/T) t-HUD&x. 
a„ rtU4^^/V2 1 t LtSltlCiS^^^ffS 
ii^/^/v£ffl^aS^fc#.£#&.cftao 

[0 6 9 1 ] m%<DWZ£(Dft-yt(nWr&l*NW*r- KT* 
Bffe£**-ra o NWt- F!4J£lli?A^?r*JI-Ct 
a„ NB^e- Fit^^lc^i-liv^^-i^^So NB 

<l,Sri as-CS 5» N B^e- K-ClimiiF^H:**^* 

- K**ttttflM"5 £ t #^fcvvfc», IfBNWSg 

fcco^NB^e- F**ifta £ 5(-fiWc-r3„ 
[0 6 9 2] (|9 1) (Om^&B.(D¥fW(t LT^fyv 

^J^&X.*'!' y^9 3 5(4 P^A^-f -y^-X'h'O . # 
1 ? y y&z.X'%Z> 4. 5J-L-fct>© 
a „ r ft (4 6 fi««cD bs IK T Alt 
1-5AWft<£>&}&5!44 8 0 0 K@fi©#^©6 £ ft 
9, M;yt&<DlkMlX-7 o o o k@gcD#^6£fttK 

*fcM^-T!4 6 500 k@s©atfta, 

[0 6 9 3] Lfe^oT, (09 1) fflg*SB2 1t- 

a„ #cr roaffpj8fi^3fe*r»fla?iT*^ &»®*<om 

>fyf-9 3 5£3I£R-f ar (c4 19 fififfi^-rCi^t: 

[0 6 9 4] tf^-vii&DlfejL^-f 3 5(46f!.*« 

C93£T*&#ft6«*£ft5.t 5t#®#Vv*-7*^ 



Sii* (SP*) £/h£< ft a 4 5(-LTV^5 0 £ ibic 

1 5 -Sff-r t *»3t©T-cs t a» * a*^ t ft a 4 
7^935 Srjiw-f a n t 4 <o H/utmm^<Dh t r* 

[0 6 9 5] «^#«SH«fcSr^5*iRit± 19 eUStrf 

aii^^-rafcfet, *^-?^/v2 iicam as* 

£\ NW^-K£NB^-K££ria9&£a#£. 
*fcfca„ #irNB*-K©m4|&IH|}4$el/^\ 

[0 6 9 6 ] NW^e— KiNB^- K©$J 9 &XJ4BW& 

m^ffl^x 5? * frfem £ ftr ^ a #iH4. 

-Cfca„ NWT^B^'-^Srfcr -y PKife£*ftf4NB 
©B^-^ t*5^6>-eS>5o Lft^ot, NB^e- 

a 0 

[0 6 9 7] r rt?fi^ftcDi4«,«#^g6(rNB^- 

KtNw*- Kt^r^^^x.^tia^r-foao *^^>°^> 

>V2 1 — AW^tffi, »^/^/V2 1 W«g^fS](rj; 
t)ftjii-**B^ s ^x.a <t 51-NB^e— K t NWt- 
Kfc*«JD**S. «J9#A.I±3-— W>9 3 4 ft if 
CD^-T y^T*fr5o a— if^s^^yg 3 4 tfl LTV>a 
fflPslifeai/Mi^ySrff LT^^-ScOfflMcoW, NB 
K»S^flSlcft5 X oK-f^c -£<o»MI47°d 

iotftS^y n we- F t ft a J: 5 b 

[0 6 9 8] 3iSOitWe>, *^#©|g©fia, A 
^e- KtNB^-KiSr^ i 9^x.Tt iv\ 
Mtt±V\ ifc x ^^/^/vco^^Bffil-^— 

[0699] r©;i ii^^/v^sit-efea 5 
i!-?&5 5 ii?*>b'Ckj§ffl-Cta„ PD^ 
^/Vfcifeft < , T n**/^;k© 4 5 ftffico §|S3t7J 
& a v ^ii^S^t tiiffii? t a o 

[0 7 0 0] (0 9 1 ) i4t"T s '^-*7 i 5©^e^^ — i: L 

tvT. (0 9 3) »J;5(-«mff«S*(-fe (0 9 4) 
(0 9 2) #©«(ti4Sffl-f?ta. 

[0 7 0 1] (09 3) tSoV^t. 57" 9 21ffiM<9 
tt\l<btlfr%/<~-9 1 5^(4^13 9 3 2«^TJ3 
9, r©^ig9 3 2*SW9 3 3 t#ALt@ft5 
4 5('«$^TV^a„ 

[0 7 0 2] (09 5) (4 (09 3) CDifffi0-T:- 1 foao 
fc, W®ft*-[R]— co^co^cWSrK-ifc-rafc*? 7-1 
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1 5 \az&Jg,frbt£Z>BM%l<o7 i/*/n/yx«$ 

ftTV>5 0 3§*JSl^ 1 1 frbtkMZn&Jbl 8 a (471^ 
^;H/>-X9 2 1 T^Ug-W^ 18b 
*/V2 1 i-AW-TSo *^/^A-2 1 U.AM% 1 8 b 
ffcSLU NWt-FotJ, i(Dt6:SL*l 8 ddMHMft: 

fiIESttL;fc;>tl 8 c £&5„ l 8btt¥fr3ti 

[0 7 0 3] S^^/P2 l ^3Siitt«<»»-a-», a 
*/^;u2 1 ©IB(;^j/^7^ H6 £gag1-§ 0 ^ 
v?74 h 1 6 t3SjfcsR^ l 1 t^M^tSri 

[0 7 0 4] (196) \± (09 5) tC&Vvr, f&ftHf 

^^*W^tLfc*ii3<*fc7c^(D^E (Qflffi) 19 2 1 
a -CKmrftlcffljiSnS. (09 7) ©£5fcft«WS 
SJt'ff© i 5 lci»^3teji«o*a-tt 2 &7EW:co^ffiil9 

2 1b Bg-Wfttf)* 1 8 b »T'I5. 
[0 7 0 5] (092) (09 3) ^1i#t#Jffi$| 9 2 

lttlofcLfcflS, (09 8) <o£. oimWtb LXh X 

V\ (0 9 8) }C*3^-Cf4, #tfeffi389 2 1 mDM&tfL 
Bifflgfc&fti^ 1 l a £EBU $t>ffi9 2 1bffll 
-S<t|ljEfifl:M*Pi 1 bSrSa«-f-50!isa*-e*5 

1 a i 9 2 1 l©i^BI^l/2f 
O^tl-rSW^-et <£< , 9 2 1a OlWWt 9 2 1 
b<Dj$B^ffi$i£fifcn:t>J;^ (o*0, a^/^/KD 
±m*M1i<DWmmWL'3 2 1a, 9 2 1 bt'fJt 
5) „ ft^ffi«9 2 1 a t 9 2 1 b t(DM£Mmtmft 
1 1 - t i- <£ 5 W-*fJS 

[0 7 0 6] ft*5, (098) (DM&XtZmytmT- 1 1 

yX7 9 5£H2gLT^5 0 ftt>ffitl9 2 lttft 

m&^~f%nmm<n£ 5t-0*LTV^5^, (0 9 5 
(b) ) ©±5fc7^*^LT¥ffilKlz«J*LTfcJ: 

[0707] m%Mi- 1 1 a 1 1 1 b iznjjb h^mu 

»M<i{>3 0HzH±tt5 o 3 0 H z JJl._h"Ci± 
[0 7 0 8] (099) Bl ocDfg^ig^- 1 1 ^Jfctt 
)*-e&5„ (El 9 8) <Dm%M=f-l 1 a, llb»g|5# 



£ (09 9) <DffimK%>%fr7LhU^\ 

[0 7 0 9] (0 9 9) KfcVvC, 3&3£*^ 1 lfrbtk 
MZtlfcJtl 8ilPB S 8 7 1 <D%ftmM8 7 2 XftM 
Sift,, Pil^l 8 b JiEitLTT 7 ^ — /VFI/VX7 9 5 
b^AltfSo SWL/cS{f3fcl 8 afil) W-W 

9 9 1 x^tmmm $ *xfc«» ? 7 - s 9 2 t-sw £ 

i/218 9 3T*Pl*tfi^jlT7-f-;VKk 
yX7 9 5 a i-Att-fSo 1k<Dmm± (0 9 8) fcPWi 

[0710] (099) »Sjt-e»Pii*-e*^^ 
2 1 £jsikt-£s„ fi*-effiH^i-5*g-}*, #t£*^ 
*/v 2 1 »ffiAtffli-®*«£ffig1-3 r t b 

xh, z<DmmzRMm±m$:jfmLx$3< r. tws 
m a ^ c * * 5 *-s;co v ->-r ax-e t> j; v\ 

[0 7 11] Jfc, (09 2) (0 9 8)#CD«^gB 
dJSVvCfc, R, G, B#©3JS£<D|8fti!f^£iBB 

—yy^/um^^m.i'Xhx^^ ttsm 5 

^, -ro|groif)5Kirov^-cii, (08 7) (09 0) -e 

[0 7 12] ^db\ «KH-5fc|B«Lft< tt, 
7?fc •So 

[0 7 13] *fc, Ma«/*t«ffl-Ct5o fcfcjLtf, 

5it^t5t LTV^5 0 fctitf (03 9) t*3V^ 
T2 1 b^Sr^ b7-r7°#ifc L< i±T h y s/7X^fc#$|5 

<£V\ (04 0) 1^*5V^T2 2 6 b *EL|S3tJi 

icfi#^T%J;v\ (0 3 9) iC*5V^T, 

2 2 6 b£ELSS*Jii: 2 2 2 b SrBlJI&L 

0*9, r^s«2 2 1 fcL<»*friRi£K2 

2 2a ttll«3 9 2MKSW$ixfcEL»3feJi«r^ 
^-r§C07?&5 o fctx.tfil,t/T/^;V2 1 a^#K 
-77, EL3S§3tSfc^Sm*£JPML/i^4S«3 

9 2 zfcMLtc^ ^om^mma, 9 2 tWi,^/^ 

;W2 1 a fcSrf±!)*t>*a#^«**n5. tt^fefc. 
*?rfi;&(-'r5fc*. MS*3 9 2 t^/^/V2 1 
a »Jg|fflai-i±f5iB&fc>*^— *SrJf^br*3< 0 fig 
T F T 2 4 1 C0J#|^ TM. EL^CD 
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«fc, ffi#fcL<ttjffcR©LEDJ&fcJi, iF*£JIfc: 

[0 7 14]**!, (0 7 9) (01 1 4) CD&ltMi? 
^gBfc&VT, 7^7*7 9 1 i, 

(08 2) (08 7) (08 8) #CDt*a — 
H*5^T«**^-l 1 *Xa««tPS*a^4:, (09 
1) (0 9 3) (0 9 8) #©S^Sfi#i-*5^T3§3t 

mm^m b^womnz^b 

[0 7 15] ^mM\Kmm\^tz.^--y^y^ M 6£ 
tt ©*^bj © if a -7 r A ^^<o^ms.x h mm 

#tr&lM\£&WV%?> 0 Lfc^oX, (01) ~ (0 
7 8) *£ffl^TKWLT£fcE»#ife, E 

B&BfKftifw: (079) $x'&<D^mw<Dm^mmz-hm 

[0 7 1 6] (09 8) cOfSfS-Xii, Jt^/^^2 

r i 4r*Sfd*aT-f art fiE fc^T-&5. * 
&\ (09 8) t*JV^3S3t^ J ?-M:2ot Lfc^itbt 
Rg£1-5k©XWji< , 3fl«±X s 'fe,i<, iftk3f@ 

/^/u 2 1 ©H$L^&«£H«&jI^£ 5 £ i (4* 5 

[0 7 17] J^_h^*^/^;W2 l <om^W$i^2 0 4 

*3&KX?H (010 0) (c^-f-j; 5i-*^^/i'2 
1 }^#1 0 0 1 fcotf, ^#1 o 0 1 £sf ?>tt 
5i5i-@£$l5»l 0 0 2?rK9#(trv>5o -©@S 
gpfi-i o o 2^lv^x (0ioi) K^-f- ± 5 l 

0 1 2^XMl Oil t^9o(t5 0 
[0 7 18] L^U ^/-^/V2 1 ©1M X#$7Ct < 

TflJ^P^ 5 #(t§|5 1 0 0 4 SrEg L, ltft©P-Xjt* 

/^/t-2 i (Dfii^jtx 4 ^ 5 =t 5 lax^s, 
[0 7 19] piiA^-ri o\c&fi\c®W)i?$, t.tz 

mi 0 0 3!4BK^-TJ; M-MTXtSi 5S-*/££*L 

i-lxtt-r 5 r t ^s-et 5„ ft&N 1542 i/*>v 

[0 7 2 0] It (B10 2 (a) ) C^fi^tt 
^/^/V2 1 ©:gffi (Cift IE© 1 0 2 1 SrSflot? 

SrtWS U\ fl§Ktl 0 2 1 



«$^2 1 »ieffi£r{£S-f 5 1 1 fct, A»#^i- 

1 5tt£E-C«efiW 2 2 6 flS«*3;h/5 - t fcESih-f 5„ 

i^;V2 1 OiitLOW^-C*/^ 

[0721] ^jb\ & * l< iz.mm^>tfxmT.&n 

l\ ftgW 10 2 1 }C/>Jr©mfefe L< »*£,© 

#/w2 lcoS^a^i-^^ h 7^ h^sr-5„ 'P 
m(o%fflm*W&L.xhi.\\ r©rttt (0102 
(b) ) \z.&\^xhmmxhz> 0 

[0 7 2 2] m<DMl%b LX (0102 (b) ) fc^rf 
±5fc* £j*/^-l 0 2 2iC->y =t>^/^i£<D^/V, 

&6 (ftfa&mi 2 6) „ Jt«ftj«*-Cifc 0 , *fc«g- 

2 2 i4jk y ^fvMSjjgft ifx-j&rftrz - 1 ^e* u 

V\ Sfc, fl*/<-l 0 2 2cD*ffi(^tlSttE5±lf^ 
[0 7 2 3] (0 1 0 2) (C^oV^T 1 0 2 1 

[HffiwW^fri fl^ro#)5K#: b fc»*£*>*-C t> J: v \ 

fii*^— 1 0 2 2 i LT®*7^'/^A^V^Tt, 
j;V^L, (010 2 (a) ) -eKWLfciSl^ift^Jl 

f4*/^— 1 0 2 2iz.mML-Xh iv\ (010 

2) \z^xauw^nk7t (i/yxt) ttxt, z 

&CtE« (%-?tf=im <D^-ttiXh3:V\ *S3, AM 
10 2 1 f±^ic«fr B ^/^/V2 ltSf$f5^i 
l-PlS-r5t»X:14^V\ -S©^^^y7°^(tT 
fciv^tuv^txt^. ifc*5, flSPtt 1 0 2 1 * 

if «: ajf^i- r>m-f 5 1> © -ert* < , mjiMftT? t> J; v \ 

±, sptE*t©^!7- (^>-^a**U tLXfciV\ 
[0 7 24] (aioo) ffli5«tfi/t*S:lj| 
■f-aS^tt, CHI 54) Jt^iSKJfOfcfcfeSJ; 

5(-LT*5< r taW* tV\ (015 4 (a) ) -X 
i±, t°— * 15 4 1 }4*fls 10 0 1b dS{i9 oit 

^tL, g^/^/V2 1 il^flsi 0 0 1 at^l9#(tbtl 
TV^5„ *#:l OOlatlOOlbtft (0154 

(b) ) izmmtb 9 1 4 t,z£<9 fry tztct?~ 

^/V 2 1 ©*»*/•«— t ^ S„ 
[0 7 2 5] **/^/V2 liSMtftSta^ 
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<&5„ ^<Dnmt<cMtfc-tZ>fzt&TU4MU2 2 1 XC7 

if^sr^v^T^— tjci 5 #y ~>y 

5tf^ ^©}StA/ifcog«i^^y 3/ MKdw—ift'-A 

f (42 0-3 0 (cm) @fi-efe3„ Z<Dlttb^ Z.<DX 
y s> h;6£{:J; 9 f1*Cf 5*^*^2 lcoiMXtf* 

[0 7 2 6] aidrWW— if 7~-Mi £ £^¥f*:flil« 

[0 7 2 7] ^BJcO^^^/KD^it^iirwliM 
[0728] (0103) {t*|g^C0*^^/P*3 iO« 

* ©§4is#ifc t m&mmzmw -r a it * ©rh bit? & 

5 0 (01 0 3) -efi^Sr*Sfc1-5fc»lft<o^9 
^1^1 0 3 21:40(07^1^2 2 la, 22 1 

b, 22 1c, 2 2 l d€rf^JSi-5»^(:ov^lftWi- 
[0 7 2 9] U— if"-- ?K1031* 

<, *y y nftt-ABLi-cabs. 3\ 

•fSfcfe^Sfffi 1 0 7 a©Ii^t- AigL^'foS 

<, ^OjKSfty— ^ F9-f^l 0 2»^g(4L i J; 9 

[0 7 3 0] Hfo<DtfyX&fal 0 3 2& U—i?T~— 
/Hi5tt5tl031c, 1 0 3 1 d, 1031e 

1:^1- <£ 5 i:, / >^< it 301/- If^y Ftai* 

^yKl0 3 1*fSt5t*©ofg, fcirxSV- 
HfV^y K1031ctl031 dPflcD^fm^fe^iS 

Kl 0 3 KD-of'BftBlftch^Vv 1 ^^^^^* 
f\ y — ^ K7-f ^ 102a£102b, 102cil 
0 2 d i5^fiJLTV^ 0 
[0 7 3 1 ] #f ij Lfc:R*fc (1104) c^r, (El 
10 4) \Z$5^XfiMX°m<>tc$m&i>'7 h U'JX?, 
K7-r^0SS, <<l"<—9, T-Tvym hy> 
xyrr—Y (TG) *ti!<D¥m#&frh7~>S?xfX 
1-im^tlfcmmx-h^o 7W«2 2 1aB2o 



©y— ^ Ky-f/^lHlKill 0 2 a 1 0 2 bd> 
tbTV^So (Ell 0 4) ^6>%BJ6.^*J;5{:of gfc 

SftTl^GDSiA 1 ^©y ^/Vga^«*T*fc5„ 
[0 7 3 2] o£«K AWftffldii (010 4) £^-f 

± 5 i:«MiHH 10 4 1, MUHf 1 0 4 2 ^^jfM 

CDACOffiHiil/— !f^y Kl 0 3 1 (OS!), l^^^r 

((B) f4^^^-7l/-if^'Or=-/^Sw#tttJ;5 
£\ af-2 OjimW 1 0 0/imSStfc5 o 
[0 7 3 3] «_h0j; 5^**HJ»a^^^"t14fcb 

[0 7 3 4] A^ltHtil^^Jg^-^fiicL/Sv^ 

fi^iSloji-r J: 5 d s , og|5^-f£ltti^jf£v^Ht^ 
Sti/ri^S,, A»t5Hr B f 1i:fo5Si*SS2 3 Otliy- 

Xf|fi2 2 8 (228e, 2 2 8 i, 228g, 22 

8hf) ^lan-rs^^feSo ^cD^fe. y-xit^ 
i2 2 8li (E110 4) teti9tWtti:r^LT 

[0 7 3 5] (01 0 3) KyM-XSKV—fVy K 
HU *i" 1 0 3 1 a ro4Mfc<fi*ft»3ft, h K9 
10 1a ©7^77^^!) a yfl^- tf^^ffi 

jwu ^— tPr=-^i-5ctt±i9^y ^yy ayji^ 

?>ci:y- h K?-f ^ 10 1b ZMfStrTZnifr 

3 l bcofigic^iiL, ff~ V Vy4 ^l o l cfiiBi: 

hK7-{^10 1 dteBl: if* Srff.lt Lt, if 

[0 7 3 6] y—xYy-i^tDWfthWlWi^—f^y 
K^r 1 0 3 1 c cDftgi^ibU y— ^K5^^10 2 
a©J&£ffcW:U— if*Sr,BB|tL, 102eft 
1 0 2 b43iD?l 0 2 cf4ff, 1 0 2 f JJit^l 0 
2 g{4E, 1 0 2 d^f , 1 0 2 h{im.K^Wi\^XV— 

if7*=-/i'£fTV\ 4<y ~yy ^>-m%Mtifrfz><> 

[0 7 3 7] ^*5, *^H^iiy-x Ky^^EKt L< 

If^i/ Kir 1 0 3 1 cfiE^^^ftb, 10 2 aiitW., 
0 7a OiNM*:ilS:^Lfc«, iSMLT 1 
0 2 efiStc^frsISrffMLrfciv^^tdH^S-r 5 

^CO^^-yV-ill 0 3 1 dttB^bP^f 5o 
[0 7 3 8] 1 0 7 f± (0105) [rfj-f i 5 



-62- 



1 0 5 2, K yfi? 2 4 4, y 
-*ff-IHft2 2 8, ^- 1 5 ©ffigrfc»:U~- 

if T = -/W 5 &g £ s * V \ 

[0 7 3 9] tifTFTf©^ 
-fS&Sk:©^ (Ell 0 6) ^-f£ o\z.u— ifftSr 
xtfy hmmMhXW— fT--/v*'tjo a if* 
#y h 1 0 6 1 a ~ f ti 5 (urn) - 3 0 (urn) tf y 
^-C^Lf kLfttfSPj, L<f£ 5 (/xm) - 

15 (/xm) fyftl/-f^:i?y h C i: (r£ 

9 &»ft^fm^M£;?x3„ if^aKy h 1 

0 6 lfifiJltTFT^^fig-f-So 

[0 7 4 0] ^T£ v yfc(DV—?rjt\X (g|l 0 8) \Z.7& 
i-£.0\Z. s U—tfyt 10 8 1 SrsKlJ d>^7- 10 8 2 
f-M-U fg 1 0 8 3 3oJ;tfSg2 0 8 

4*fl!vvr:ff?*aeKl 0 3 2lcRMti-5, 
t**T*Mltr*t5|£HW[4 3 0 (cm) %&xhz> 0 - 
©fcffl*©ffiifrtti'-i^y Kfc&ftU {ig&£>£# 

[0 7 4 1] ^5? h^co u— if 3fcSrfiBJH-f 5Sit<o8l 
5(4 (010 9) \C^rt, U—fft 10 8 1 if 5 

7— 1091a, 1091b, 1 0 9 1 c "CEttLft^ 
k^UDfe^ 1 0 9 3 (Cjf < 0 ffimt^Wi 1 0 9 3 (4 

(010 9) KTYi'ti.SKxy y hftf-Al 0 9 2£ 
AMU Al 0 9 2£r#7;*ffl£l 0 3 2i^ffi 

[0 7 4 2] (ill 0) C^fJ:?|; (gl 09) © 

1 1 0 1 (4H*t>5 : -(c:fc^-e-r)#fiSc$ti-/ti^--if3tW 
ttftl 1 0 2*s^StiTV5 0 rcD^U y hSr^^ffi 
*1 0 7icM^S)$*5- ticit), (0108) I: 

5ft#y ^55-1 0 8 2 ^m^-rt h-Stlc 
-HStTf-^-f 3tffl©Wff T F T coffin I'-if* 
Mtt5 0 Lfc^ot, i— if T~—)Vl£'K 

[0 7 4 3] (110 7) l^fi^tf l^f-v 5 

(in® -e\ W5^SKio3 2fflv-*io 
7 l£TO&«-rsrik:£9{£W&m ; HTi'\ #7* 
SKI 0 3 2»fig^:*^T5o 107 1871/ 

if— s> K 1031a, 1031c £$i#U &Mtlff£: 
V— if 7-— /v^-5„ ft*>, if— y Kl 0 3 1 i±l 

[0 7 4 4] ^12^7-^ (3S2I® 

10 7 1 Hi !9#eifc»£fTV\ (010 8) jr. 
^•Ttfy =*V59— 1 0 8 2«rffi^fc3te¥56fc±9, T 
FT^JfM-rSffiBff©^- ifT^-/V^5o ft&. $ 



lIgil2Igtl:^Wx.T!)J;< > tfcf llg 
t®2XSt*^T? (I^-XST') ffoT%£V\ 
[0 7 4 5] TFT©#ft,gt±/h£<TJ;V^P>, ^ 
ffi^l 0 7©TFTffi«i±Ix— tfT-— /W^r-TS^S^ 

&graftv\ 0*19. y-^Ky-f/^102, y-hK 

y-i'/UO lcogB^-rai'— ifT=— /vSr&rftv^y V 
y 3VftL,T»»««rJi^:§*, 0 7teT^ 

/^7^»SS-eTFT«fSOTfc5. -CO 

^-c&tui, r^-^xmmmmx-r^, wtf? 
[0 7 4 6] >5c*s, ^wronife^-eriP'—rt j; <9 r 
#:S«:r-t5^*$*5^S;-efc £v\, rco#^ra, K 

[0 7 4 7] ^IPJcO^c/^/V, ^SBf-33V^>Pf 
^)Si2 2 2, 7WSS2 2 1 ra#9*£K, SMir 

7V7^ic ^^Hr^y ^sk, <kmm 

«ft E<Dmk*m V ^ 5 £ 5 t£ £ LTfftPJ! Lttfc. b 
MSS2 2 2, T Wf*«2 2 l»*Mi7^^ 
A ft if co -7 ^ A & 5 V * it -> - h Srffl V ^ T t> £ V \ 

[ 0 7 4 8 ] tc t # y 4 s k, p v a, mmtf y 
^^i^y, ^yynfi/y, ^y^^/vv'-hftif^ 

WmZtlZo Sfc, #I?2-3 1 7 2 2 2f^fOj; 

[0749] %wmm 226 i«,f H ff ttfcpi^-rs t» 

"Craft < , 1005^ny«9/6 5/3 5 PL 

ZTj)5V^S6/6 5/3 5PLZTffc±V\ 
J^^MS 2 2 6l;:Sftfl=«r«apLfct>©, «ft«PK:*5 
•r-jjf— /w x ^a*'-/vft E%m\\ Lfc tcoft if r* t> £ 

[0 7 5 0] ft j3, 2 2 5, 2 3 0ft ifCDg^^^ra I 
TOtU-CRMLfciS, ^ti(-PS^1-5%®T?raft<, 
«MSn0 21 ^ft-f^^-? A ft if cog 

SBlSttta-f-f^W ^yhpyj ftif^ffi^r 
t£v\ 

[0751] Tt^iKsii 4 6nra, t? y/vmm ft if m 

77-^>ft if 5ri^7)P L/t t cocoffi, P Aft if COS 

A, ifv^i/rJA, ^-/v^'y^ftifco^txtmt) 
-Ct±V\ Sfc, Mt-4<tt)MIl2 2 6^I 
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&tbfct><DXt>Z.W *n^7Afc.5VM4IIl#Tfe 

[0 7 5 2] ^ISBJro^JSWTiiBJSaSrt^TF 
T, MIM. Wm?<{*— K (TFD) y 

y WHJy^^lt i4S B B B ^^/K£>fiL $t'h 5 9 

t^SDMD (DLP) fe^^ti^o 
[0 7 5 3] TFT/iifW^-f y^V^^fil 

iV\ TFTjJLDD (in- - K-fc°>"^- 

[0754] *mw<DG-mmffl<D&.ffimig.ffin, 

7F/<^;l<^ ELSi^;v, LEDSf/^;K FE 
D (7>f-/VKx?yVgyf-f^yW) 

h y y^^stme-rs %<£>-ei4&< , w-m-^ b y 

y^^lftiV\ ffivf!) y i7 Z-MX'*, 

H* (Wi) ^fetj Ks/ b-7 b 'J j/^^M^/^/wi: 

<D lo-C&5 0 

[0 7 5 5] 7yX-?7 Kl^S^^-M^M^t*^ 

[0 7 5 6] B*cDif^t#ii«s^s:, way- h« 
S£S;©vvrm?fc HiBfT 

ZftM-fZ - b 4 <3 2 2 6 (^3fe?[J« 3 

3^&^T7FML/i:TFT2 7 11W7II^^ o 

[0 7 5 7] ifc, ^/-Wf^vco^- K Kt^C 

ECB^e-K DAP^-K, TN^-K %m 
m^H^-K. DSM dbteftSL^e- K) , SEgaft^ 
— P\ tf* bfcx b^— b\ *^*Mf 5 '^^F 1 



[0 7 5 8] *ISBJ!©^/^/V/^SB{l, PDf 

<, TN«ff B , STNtS, aWJy^M, DA 
P«ff B , ECB^fa^e-K, IPS 7jSk ^fta^fi,, 
0CB>5;if©flfi 1 a»?Sftt?fe<tv > » P 

vf^7"K (PDP) , 7*7Xv7FVy>y^© 
4 5 ^MttS^o 

[0 7 5 9] ^HJ^etl^SffitttfT 2 ^^ 

yrnf, !fa-7r^^, SSSSiS©^-*-, p 
HS, iiiHt#S*fc4t^©^-^-, J 7*JirA>** 

yh^^yK, EtS^^-xV^-T'W, /-h 

Wf^^f^m^y^yA btzE\z.VMMh%>W%fo 
[0 7 6 0] ^WwffiWSfiH:, ^co^SEXi* 

<om?*-Mio~sjmxh<9 , m^mb^tzwmy^^y^ 
£x$/ittrj±^~9t)mm^>v^-9b^m^xw\m 
mmzm^z^bzw®b-tz>7°v?yM,m»Mfob 

[0 7 6 1] Sfc, **i5cO?*^^SE(4^ 
± V mn S * 5 fc * © 7" n ? y A jo i XI/ 4 fc (4 r '— 9 

<om&M«)^mxh<9, m^mbtitzmm/vy-y 

«nE«li«rm 1-5 n t t -f 6 y°n it 5 Afa« 

[0762] if%m<nw^Mmmm.<^wmi3m 
* t±x - ^ * re® l y ci if y tzmm\t t*ot, 

mW,7°uifyJ»3o£Xt/1Ztc tlx- ^ flSBWa = ^ t° - 

? bMm^xmmmmzmnirz, ^ b*wmb-tz,7°u 
ifyj»m»mfcb Lxm^xh aw 

[0 7 6 3] Sfc, *ISB^»ShI^/^/KO|ES]7J?£ 
14, j e»^:g|5Xi4— g&©I&©£gBXf4— gBtf>»#£r=3 
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* 1t !4r ? - * £rfB3& L fc 7* n ^ y A £A0£flrc fcot, 

sfitay n ir y a *j i xi/ ifc.n.j'—^ffi sfrta = >- — 

[0 7 6 4] 

[01] *389lroflgMSe«)SiWE-efc5o 

[12] *mm<DMwmm<vmwmxhz> 0 

[0 3] *«W©|gMgB©lftW0-c?S)So 
[04] *35W©flHMgB©lftW0-e*)5o 

[S5] ^mmcommmwKommmxh^o 
xhz 0 

"C&So 

[0 s ] *%m<nmmmm<ammjjW;<n&wM-v3bz>o 

[0 9] *|SSJcO^Sfi(Offiii]*a5(7)^0-Cfe?>o 

[0io] **wo*^8«offilb[iIK©lftM0T**> 
S 0 

[011] *«W«)*^filI«)eifi*ife©RHH-C* 
S 0 

[012] *%m<Dm<Dmmmicm-tz>mw$im<Dmm 
mxh%* 

[013] *^Bj©ffi©nite0tjfcsoit5MKS*©mBj 

0-?&S o 

[014] ^mwofccDmMM^rtzMwmwvmw 

0T*&S„ 

[015] *|SWOflb©ia6«»l^tiit5flgMSB©ittW 
0T*fcS„ 

[016] *|SW©flb©|gl6«|lctiit5flgMSItoittW 
0T&5„ 

[017] jfwm\mmmm\^tf%Mwmw(Dmm 

0T?&5„ 

[018] 3(c3fiMoflfc©Sll6^t*iitSfl8WSa©lftW 
0TfeS o 

[019] ^mmco{&<Dmmwc^n^mmmw:<Dmm 

0TfeS o 

[02 0] ^Wwffirolllfi^lfcjiij-SflgM^BolftH 

0-r?fcS„ 

[02 1] *|SHJcoffico^J|«CSoit5MII!ilgcotftBJ 

0-T?fcS„ 

[022] ^mm<Dwihm^^^<DWTmmxhz> 0 

[02 3] *IP^©«ll^^/V©irffi0T«&S o 
[02 4] *ISB^»fc1,^/^/KOifffi0r'fo5„ 
[02 5] ^B^CO^^/^/VCO|fi^0T'&5 o 



[02 6] ^HJWSffBS^^^^WISIKS^fc 
So 

[0 2 7] ^BJW^ij^/^/KZJBfffiS^oi^ft 

E]Sg0-t?fcS„ 

[0 2 8] *ISif!©«i,^/^/KZ)|ftPJ!0T'fc5 o 

[029] ^mm<Dm^m^mmMH(Dmmmxh 

•So 

[03 0] *^B^©*^gB©|gtb*ScDm^0t?fe 

So 

[03 1] *3&W©S^S«©ra&#&©t£iK0-rfc 

•So 

[032] *mm<Dm^'&m<vmmJim<Dmwmxh 

•So 

[033] *5sw©s^se©KSi*s©aMia-e*> 

So 

[034] ^mm<Dm^mw:(ommmxh^o 

[03 5] *f&BJ©^ge©iE»*ffi©lftlE0T*& 

So 

[03 6] *3PJcD^gB»taW0T*feS„ 

[0 3 7] ^BJCD*^gB©|Eljj^ro|ftPJ|ll-Cfo 

So 

[03 8] ^mmom^mm^mm^m^mmmxh 

So 
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Abstract of JP2001 31 6664 

PROBLEM TO BE SOLVED: To provide a fluorescent paste for displays comprising an aluminate 
fluorescent substance prepared by activating bivalent europium, which allows little reduction in the 
luminous intensity and shift in the chromaticity in a paste-calcining step and yields a panel showing a 
high luminous brightness by improving the base composition, and a display. SOLUTION: The 
fluorescent paste for displays contains a fluorescent powder and a resin component, wherein the 
fluorescent powder comprises an aluminate fluorescent substance prepared by activating bivalent 
europium wherein aluminum elements are excessive against a stoichiometric composition. The 
member for displays and a display are formed using the fluorescent paste for displays. 
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Fl;'^a>, F E) & 5 1 > ii^i!^!*^- tVF 
D ) ^^/cWtyfJfKRgft £~©3oteffcJS£fl2f£T-£> -r 

[0 0 0 2 ] 40 
[ffi*©R«] • Mrbb'KtMt^^f^7 - 
U-^iLt, PDP^ii@3nri)5 0 PDP©ffBf?'J 

£ ft -£> itTMMiJ© ij ' ^ x K«(c [j , St * ft t Wk<D^ 7, 
-Y >lii x ^ i- i/WM^iM o r # ^ 

tc«, no? Fi/^si*^ hu?°mcBm$fL. so 
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£tlTft% 0 X JbTJ -5 — SiTTxfti nJt£ft P D PiCfcLif 

A-, *^s>te£&t>mi&$ti&mrtximA 

£tl. X+t> F5-f^'I C, 7FI/Xf-^F7-/^ 
I C ft £ ©lESfjUISS^IIK $ ti T P D P #5JfM § ft § „ 

X+ -r yWMtT F UX*ffi©3b££ttM>£ Ltli-fe 

Jl-^?fM§n-&©-C\ PD P&ifil£©[Ii3R-t2JF;£WU 

Hit ©H^^^Jtgtc ft €> „ 
[ 0 0 0 3 ] P DPtCfci^TilTj^ff <5 m, M^tltc 

lli7 F UXSfl£fflPBlKfifeSllItemi±l^±©SI±£: 
E[TO[]T-£>£SSItcJ;^r^DfcriI-T^>^ST-f3:, BSfi 
•fe JF ^glttlit * S fc 66 ic ftS^fSrt ^ M^ffi'S© 

ss-£r&jwrSttL,rMgOM©i*iiiic^SL, f*3M 

©m#ttM g- Od©ffi6i^iffL^£:6&tcSs-fci'T'iCliS?fff 
£ USgtl,. 

[0 0 0 4] ^(C, X + i- >SS£lfX7--Y >Sffi©ra1 

jfemtcj: Ofe^ffli^iw^-fex^^x^jasa^n, 14 
7 n m©^FS^f££U ^Sg^a^^BSWirS C 
£{CJ:i3, #6^^^nj#g^ft^ 0 
[ 0 0 0 5 ] c©J; 0 ft p d potfffllii, Sl^r 
aSa^-rSM^teT-^^-^-x Fft6^"X F 
FttKL/cfeO^^^obaKCcgagL-, -?-©ft5 

0 0 °CffiWCffii8Ll> . Fcp© ; fl'^^>^-lS55- 

1 ^^a a of± tC -T & tc 65 tC , SiTcf* B © ffe7C?SS ^ 
^©P5Lh#SiI:£trC^S D ±IS^-X F^lSX 
KCfc^ttJ, ifStC 2 ffi© a-Of?A4 L fcT ;F 
3 >^M*f*^ffifflufc»feM*f*©^?ta©ffiT 

fte^fejK-rn^^ < , -'^Ji'^iEfjKofiT, fife 

[ 0 0 0 6 ] Ctl(C^Ua7cf«5T-gf*©BS:#£ 
E*, ei¥8 - 8 5 7 8 7^$SiCK 2ffi©^-nb''i; 
ASSSffiT JF 5 l^mMMMt^ I n ^^JJH-T SCiT, T 
;F3 >ffi^S7cf*©iSifit c f I ©x b°^;F^'d -j i?p B Tic I n 
^ 1 ffl*S^ti2fffi©JfJ-C#SEL., jgE^B?K 2ffi©^-- 
P b* 0 A ^{ fcT £ ft t> 0 Kij fc 3 n 5 C £ ic J: D 
^ffi©fST*WJ3-a:SC£?)^3nr^5 0 ifc, ^ 
Hf^8 - 1 4 3 8 6 3-^fgitES Sm, Tm, YbO$> 
&<ifelS4WSCiT\ Sm, Tm, Yb©^ 
ft < £ & 1 a^TVF 3 ^^JB^Tu^Qte^^OX b^-;F 
7"t3 ^ ^ M(c 2 ffi©ff$T?¥fi 0 , IH«(c^*?tfi©ffiT 



(3) 

3 

£f«J5-{f-5C i^?ntl^„ %fc. National Tec 
hnical Report Vol.43 No. 2 Aipr .1997X:Uf^^C Xi> 

SlSfWl 1 - 2 4 6 8 5 B^matZ tea-dfj 

8 a t m% KPfiS-r S C £ tcj; »D f6^ffi©fiT^WfO 
§ i, C £ ifiif; S tlX I *6 „ 

[0 0 0 7 ] — ±i2rae(C^LT^flc^-X Ft* 10 
©Hfe«?j?i £ Lttt, Slf 10-324869 -Ef^fg 

[0 0 0 8 ] 

fc D TJU 5 >®iMM^f*©^«. D PTi* 1 

4 7 n m©^MH© x. *)\s¥~*m&fe&i$WiM. btf 20 

© x. * jl ¥ * ^ £ & 6 #6* -f * > fc fiii 1/ Irga 

^ScffifSC tfjics. Lfc^T, ffe^-Y^>S 

m**<D&mv>mt<D&i3; 6 -re«s H B B ©^{t^j%7Ki( 

KtcAS < SJWOT < i> a -3g 9 , i^ft&^Sf*©^ 

^SRKJ; O^-^ h £ LxmmvtcC £ftJ: 0, W«S 
H*©^|5j|^^ftf!i7u*©iftiD^S) 0 M^f*Jl©^fi7lc?^ 

K©fgT^sac5.£#^, Kit©s^, mmmtm^t 

f*feT-gf*©«ffifST©SAft:S*T'* S C £ £H,m L- 30 

[0 0 0 9]^tl-C, 2i©a-Dt^A^ 
>^t^7£{*ftfc^T, #{*££<: 5 TJl/ 

s ymm.<Dm&^^^ ttv.. agjcogtcfctf sis 

fcx> -X ^ 6 Cl'f 5 C £ £ 

SKi£T£„ 
[0010] 

[0 0 1 1 ] Sfc^HJEi, ±MI<D-t 4 Z.-7\sJmWt)t 
[0012] 50 
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h te-o^mm-r&o p d ptc^tM^is 
•rs£^ttM^f*-<-^ h-e©^©^^7tJUiFM-r5K 

[0013] ^SM©®^f*-<"X r « % ®7fef$©^£ 

©#?¥*», ^«««i©a*f*^-^ kc^lt, myt 

m&^tfi 7 0 — 95 11% £flf)lg^ 5 — 30 MS%X' 
— 9 0*M%, flfUgliS^ 10 — 2 0M%T*S„ m 

«Ktt^c £ ■£> C £ *st? # ^ < ft ffilfij K * -5 „ i! 
fc, ««ISg^#-r^S£, «)SiCj;€»«fllsS^©^* 

t£ <o mm £ l m *) m^tm^mr-r zmm 
u , m^ftfiT 1 gf*©^^t#±i^-r sfsfaK: * s » 

[0014] *^©m*f*-^-X KOfjEMSB, 

it^mm&mcM u TjEfiRc-r £ c £ r\ ^f$^^ 

ffi© - b 1 ^ a cfjr ©^jsS; ic J: fj W.i t S ti 3 il £ 
ft fj > TJl/ 5 >@tS©W*tefr B ^^^^^bfs«3 

aB^-rsfca&^-rsijtsstiTtiS. a^© 

Ji^r©7 ! j^j; i jA#<^^ffi^fgT-r5^ 1 

ftBft i f*^^f t u , ffljasi^f ^i±i ( p d p tii i 

4 7nm#fi) r*©©^, Jl/^-£a^fSTt-5fc 
J* £ ft£ sni). 2 ffi©^.- n f ^ A ^rllCrg Lfc7;l 3 

«jica#T s mmm s ©r , is^afiffiaMaT-rs « 
<oT-B.i>tcMmf)mfcfamtm\bp-?< , 2ffi©^- 

tf<&f3. w*sHr©wi»tt^^'ftL^-r^ 0 



(4) 



nmiT) fcfcW^ef^SlltCO^-X h$Ej£tcJ; ft* 
sSfb^, 2fffi©:z~n t^A©®fb^M;Lf3to5fe©i: 

[0015] T;b5 ^-^A^CDitflJfittib^fif^fifiK 

MK^LT, i o%jyTr- iWfi astJM 
#1 o%j;f3^^^i. mytitm^f&mcm— *bk& 

¥mmm&m< &s«iqj#>*s= it? * u < w-fb^Mi^ 

ffl^fifc^uro. l~9. 5%©SSHl*|-e£>& 0 

[0016] it¥mms.f&<DT >v 5 LtB, m 

Tittt. MMgAl 14 0„, MMgAl 10 O„, MMg 2 
Al 16 O i7 , MMg.AU.O,, , M a Mg 2 Al ia O 
„ , MjMg,A 1 3 0 1S , M 3 Mg 5 Al ls O is t££& 

J;»Ca(D^j: < <t & 1 S*>645CiWiLU 
SL<», MMgAl 10 0 17 ©IW©7;K>ie*5 

[0017] v^*v-^A^©fi^b^fif&fflJj£fi&e 
0-1 0 O^^CiWILl^ -7?*^ 

«_hu ^-x hmmv<Dn&mit$mM2hz>mft 

tc&£ 0 v^v"? A 5^5*9 o%J; <0 &iJ>&^t§^-?> 30 

[0018] 2ffi©JL-nf>?A©g^lt^M7n^ic^ 
UT 5 — 2 0 a t m%©(5HF t 3t > S)-S £1 £ j5W$ LA^ 
g^M^5 a t m%=t O/MHi^ *OT^t©Sli'1- 

mmmc <k<o 2 ii© a-owAi ©a# tc $a > x * ;b 

T*s J: Dffegr-T nj&s A #<SSCi*i4S 1 SJMKH 2 
0 a tm%J:i3A*< i^J&fC J: S^?fifi©fST 
*s =fc ^'feSTn^A^ < & €> C £ 0 , t fc, 5 0a 40 
t m%^_tX'm^&mytiC <£ 53 ^^©m^f*©** t? 

[0019] m%&mms> {Hi^TosafMt 

A, ^UAyjAfOA'J^A^. KftXhP>? 

■^a, 7jt^fbx h n>g^ a, Sixhnv^'jAf© 

x i- n^^A^fi mt*>>vis^ i*., y^mittDi^ 

■i'A, KK*^v^A^©^;beyi/A^b^©. K-fba- 
^ K-fb^i^^A, 7K^fcv^^>"? a. so 
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7-KKibTJl' 5 ^■^A^©TJl' 3 Afb^ 



fe-s r staffs u ^ -Ht^ y w, ^yftr^s — 

^A, 7 ^ it-?t?Z- v"2A^©:7 -5 ^ i'X^ILT^U M 

i^l^WWc^gtlU ^*£b-Sl^i^*/K*^©S7cS 
BMKt, igl 4 0 0"C-l 6 5 0TOfigr2-4 
0 BSRB^Wr 1 @JW±^fi£f--5„ iff* L < it 2 IUJLb8s 

A£MffiL/cT^3 >Ktgg£3fcff:£f# 

J: SUftlOfiTlrlWJT^fci&iii, IKS 

[ 0 0 2 0 ] M^^OftiT-fltt, U-tf-EltTlkSL 

fcs^iij^) -uii'jssns^a^fiT-s d 5o^o. 

5— 1 0 /LimOffflfa, 3 1 — 5 i± m©ffiHl*I"C 

A^CiWJt^. T^iS^O. 5Mm«±iTS 

fe©i \j, ^TfJlifc =fc ^JSfI©ii^f*)l©Mm'S^^ 
Mtt^J; ij^tf&feoi-rsc: ij&s-ctrS. l 0 umy 
TiT5Cit:«a©a*f*maM©iniQ?:ffll^, 

Ates* 4 o w mtiTi-rsc tvmmk<Dm%:Vm<D 

Sii , K*f*^"X b (DWtdMi. t H9to D , x u - 
>EHJ*£©*§^»x -ji/^oiap^KM^L/, xX;Ki± 

ma&£'©^xjbSi^LT < &<dx\ cn6©,^f* 
^fif 5 c i ^if-^r * 5 „ a^f*©^©^« tLZ 

®**Mi6.^>6»ttic3fil^©©77^J; !3»t 

[0022] m^m^tmmmmiL^-tDm^iL^-B 

mti>mi%T&fr. 1. 2-4. OmVgtSiSCi 
mf&LiK 1. 2m ! /gtl±itacit, g«S 

ffl < a -r-^- x h ^jgssssgs *> © i l , $ /c®7^ 

f*HSM©EQ?:J;Offll^SCi^-?:^€> 0 ib^ffiW>£ 
4. 0i ! /g f,T if SCiKiO, U^-1)mif><%: 

[ 0 0 2 3 ] 4 /c, m^f*©*© £ ^ y'^JM^ 0 . 6 g 
/cm'Hi S6tCB0. 7 g/cm 3 K±if 
;W*bt/^ it ■■j-7° , mm.tU, J IS Z 2 50 0 (2 
0 4 5) UCfBtSOfflD . flttS-tf/cgiffrt©©^©^! 
M3fcD£Dllt**^. ^'^^Sffi^O. 6g/cm 



(5) 



Si2 00 1-3 1666 4 



3 Fx_t £ ? £ C £ T'I&tK©^ -X F ^©^iM4^i£tt 

m^fr^mwtem^m<DBmm^-r& a tfc, xa- 
m< Pit. ^sfeStDfiT^J; 0 »5c i*tr#-5. 

[0 0 2 4] *fPJ5©M7£f*^~X hCD^HIfife^ii, M 
^:f$^CD^^S©^ft:0^>^lia^4 0 0-5 0 0 

<, c(Dx^ui&wcmm^^6«mi&^tv-c, mt- 

;F-k;I^P — X, ifiUj/lo-^, XPl:;H2;FP — 10 
x, t Fo + W^^^n-^^ b Fo + ^JVxfjt/ 
-te;Fp— t Fp + v-^Xp tfjF-fejFP — tFo 
^ s> jt/ x ^ ;i/ X a. t° jl- -fe jv p — x i|© -fe a — x SHJ HI 
^6^>J< y x ?ji-x x x y f, y - i - 

i$^"Jb-F, tf: y - i - X? JbX $i"JU-F 
tC, tft6tCXgxF (XX) TX y F, i9XF (X 

x ) 7?';u-F, xp f ;u ( x x ) 7i";p-F, x 

3x1/ (XX) 7i"il^-F, ■^.^v'Jt/ (XX) 7*"Jb 
— F , 2 -x^Jl^^-iU {Mil) 7i"J U-K ^> 20 
i^A- (X 3? ) Is— F , i^X 3x1- T 3 yifA (X 

7i"JU-F, t Fn+i-xl/x^Jl/ (X X) T X y 
F. t Ko + ^"/of;l/ 7i'VF'-F 1 t 

Fp+:WI/X'3xP (X X) 7i"ib"F, Xi^ + i--- 
2-tF af^^'o tXl- ( M X ) T x y Is- F , X ' %s 

is)]y {Mil) 7 x y \s- vm<D7 x yji/^-t^v-^it 

s -e /c r x y ^^fswi W£ ffl ^zctw-cgz. 
[0 0 2 5 ] ^^©MtB^-x F©?§i«tt, UfllfS 

Wt<X Jt^>^-«Jflt*J;<^srSift(£: 1 ^ 

(/ rUIg© fvF t: * ^ 3 ^©Stt#©}f|-^'f3'T;' £> 

0, i**2 17-21 9°C©«f*-C&S„ tfc. M^f* 
•~<~X F^fcffiPFS^-rS/cfe, 3^t'^;f ~;WC#fo5 
^laI*Mffi©7?#;§gftTAP-xk ^Ji{f-~0^;bTJl/3 

[0 0 2 6 ] *^fiHJi©M7^f*-^"-X Ft*, 7 * F XX 7 
■Y-SSC^S^fiS-rSta^^ M^'S^^3ti:Sfci?) 40 

3fcf$[SL£fflJ*. S X X > 4 ^©WHSSftfc^ 0 T fc X 

[0027] ^mm<Dmytfo^-x f t*. $ h^&mc 
ftc-r, r ~* >tt^NX ^>tt^HffittW^©W^t 

(i, i/X'gxI/? K i^X9xI/X X F , #V 

x'y -te)im) f^Mirfej; 

l/^o 50 



[ 0 0 2 8 ] $^oa*#^-^ F »ffl£ffl^ 

[ 0 0 2 9 ] yviC*f|0J§COM7uf*^— X F ^ffll^fc'f'-Y 
X 7 U-Y ffiSPWfe 6 ^'t 1 ' a7-,V\s 4—\n<D P D P K^^ 

H^-ffim*^- (7^-*Fi;r>a>, FE) 4 

a^BMMSfi^ (vfd) %m^tcwmm&i& 
[0030] (whk) ^wn<Dvvpmmtth-z(D 

WffiKicM^-SSRi v — ^ii^x ©ftkic P D 

Pffl©iBll^^X-C*Sffi5BT-aS© "PD2 0 0" ^ 
0*m»ft'T-aM© "PP8" £A^^5„ 
[ 0 0 3 1 ] ^^SSJiKiB^TJH-^A, ^P 
A, x^-5r;I/&i'(D^i|icJ:S3T F Is 7,W%M%:fikM-& )l 

fc!^7ttt^JS"^"X F ^^JLfcf^c, 7* FvX^4 

§6(C, 4 0 0-6 0 0 'dcmm ■ ffif&LTI&m 
s^-y&Bf&T&myt&^-X Fffi4I^5Ci« 

Sfc, *7XlI±Ki'nA^7Jl'ii'7Afffi 
^M&WML-tcikte. \sV7, F^^TtiL, Ui^XF^x 
* F?X7l:ILiT^'$-yl}£ • iJllftLfc^iCi. ^ ? 
> XK J; f3 , Tp^^gp^cD^IS^m 1^ < 

[ 0 0 3 2 ] SiH*U 1 — 10 m m L < , 2 — 

5/jm«MFiU\ SflW**s?ST ¥ & £ ffiKffl ^ 

3X FKt(c^rJ&ffi[n]fc*.5 0 T F UXSFl©itg^lfflf 
£ffiKfB^i*< ^ 'JiESt^lKtt^Hlli ^^fa^K 

>-a - F^pg^^D^Ttr^IfnJfC*-S)„ 3 6fC, 7FI/ 
XSFStt^/S-fe;F (ili*©#RGB^:JFM-r5^1S) tc 
JtSDfcfy ?-Cff^3ft€> 0 ilS©PDPr»l 0 0- 
5 0 0 urn, iSilPDPK^TB 1 0 0-2 5 0 u 

[0033] s e>fc, st^©s^-ft©fctoicr f uxm 

[0 0 3 4] 7 FUXmgM^^JSUfc^^XSfii 

be , sss £ w tc fig b fcpsii * U- > f x x f ri . 
MIe^¥?£, x + F y v ^ x ^ -S^tc J; o T» 

-r\ s**? cfco*jF , 7 ^©^{ tm % s ^ 7 x tm* 

31ffl§ftSo *fc, Bflf^^l. 5-1. B 8(0*7^ 



9 

[0 0 3 5 ] SSdfeJ;OTili)l^?fJ)SL.fc* f 5XSS 

0lREi, *feTEi, Y,0 3 : Eu. YVO, : E 
u, (Y, G d ) B 0 3 : Eu, Y 2 0 3 S : Eu, r - 
Zn 3 (PO.) 2 :MnMS. iHfeTii, Zn 2 GeO 10 
2 : Mn, BaA 1 12 0 1S : Mn, Zn 2 SiO„:M 
n, LaPO, : Tb, ZnS : Cu.Al, Zn 2 Si 
0,:Mn,As, (ZnCd)S:Cu,Al,Zn 
O : Znfti'«5„ IffeES, ^BJfO^fil&ffifKEC 
*f bTTJl' 3 A7u**5®pJ^ffi^©2 ffficD:z-n fc° 

[0036] (mwm) mmmcm^&ffvxmMic-D 

[ 0 0 3 7 ] ^'^XSSiifC, ^ft$g, I TOfti'CDl 20 
[0 0 3 8 ] Iiii4flSUfc^7^Sfei:(C, ffi^ 

[0 0 3 9 ] SH^Sfc^^s^^l^gJUfc^^X 
M±iC, iMJJifSf*®^ # U ->EPJW££ri: EC <fc o 

Sti%l^, PbO, B 2 0 3 , S iO^MtSil 30 

[0040] 3 etc, ®w^#» : £fiiauafcTOi£ 

[0 0 4 1 ] (77X7f Ctl677X7 40 

[0 0 4 2] 

nm-rz. fib, 2|E«ii«t:iT,tcRB5e3n&i,*. 

[0 0 4 3] (PJSeT^S) 

( 1 ) 50 
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fcteS^it (?-fi | af'7» i'ttSH R AMfi^firft 
"MODEL No. 9 3 20 -X 1 0 0" ) 5I^T 

I^f4m : 1 g 

^tk^fr : 1. 5 #«&iN&#tSL ^tfeb 

^fflJlT* : 1 . 7 7 
*§*KJSJr* : 1 . 3 3 
iM5£& : 2 0 
( 2 ) 5? 

* ^'ffiKtt, fS#ffift^t±WA. B. D»f«#ffifJSE 
m^tKtLtcl 00 c C sg&£5#|iM@SrL 
fcfl, S^SD £ 0 , 1 0 0 c c Sfcf3 ©*&5fcWS£ 
jlrj^L-ltff b/c 0 
[0 0 4 4] ( 3 ) ffiSfc^fiT 

B a , M g , A 1 , E u CDffig^WES, 3t7£f**S4^ 

o . i g -r E'j^Ai * ^erciisfi? b , tt/Kr-ftn 

i&jgft? b fcflt fi^T-^&ibT^kri^gib, CCD 

(.m mis~tr>is-?)im i c p^msi (sps 

4 0 0 0 ) -S-TcKic-o^Tr^fi^jR&ffl^ 
fii^»ffibfc 0 

[0045] ( 4 ) mm-simm 
mm^m&. myt»m^ 1 5 0 °cr- 1 mm&im. 
mytm^m iomg ^ff m t^*si£#* tpratflss 

^bfc^'XCD^1-IICD^m^6*£5fc 0 

mb/c«*fiMiCDl:t*r*bfc 0 Si^MfE 
F/TKEMGA - 6 5 0 ^rffli,^c 0 
[0 0 4 6] ( 5 ) m%&(Dm%ffi& 

Ei«TCDM 0 ifj^ U fc 0 S^f*©^ 60 0mgMi 

2 4 mm, S§ 1 mmcDS U SKcDM 7°)lfcJl # 
-) EC^D, ^/^^SfrWb^TT^eiCTSo CCDIie 

M?t>/^fi(cAn, — S, n- t/r-g 5 - 
+ >7^pt|^:5 Pa«TEC*^|#L/cf^, 42X10 
- 3 /^CD^iiT'«K 9 9- 9 % Jy±CD^jR#'.X £fift b , 

3 0 7>flftHT? t if ^XTlifS. 

-^cDfiL ^^^-mmm^^yd^yt'yyy'Ho o 1 2 

(BS|fP :iS2 7mm) £f*3j$ Ufcx^ W^Mfg 
g*> 6 1 4 6 n mSI^S A*f# 2 0 ffi"t i Mf4ffi^6 2 

5 cm|||nfciC5*>6fla*f-r-5. ^^KifeScDfliJ 
/EE*, Mf4fficDK±2 3 cmjphJzmWrF-ttMmM^ll 

f AMC P D - 2 0 0 0 -CfMS bfc. 
[0 0 4 7] —7^, h^f^CD^Wtt^W^T 
-S^4Ei, M*f*^-^ h^Xi? U->EP)i5[JS (Xi"J 
->JK: SUS#200) 4ffl^T*7Xli±(i:gft 
J?^3 0 wmfC^SJ: 5 ECffM bfc^fli)!*, 8 0 "CCD 



11 

5f— yy v 3 offflftmsa. ^o^s^KAh. 5 
[0 0 4 8] mmmmz. a^f**^©^^©^ 

hie Lxm&hid&<DW.%W^^<Dmyts.^)l3f~- 
I s £ L?cW&, I s/IpX100 (%) T'^bfck 

[0 0 4 9] ( 6 ) ^^©^Wtt 
/^jKD»KiMffiB, ftWtf^SIEl 7 0 V, Jl?£ 
13 0 kHz, A;UXi|g3 ^m©St(^^#-C^ffi*iT§ 

[0 0 5 0 ] Cm&M 1 - 5 , Jtl^iJ l - 3 ) Rfri y 

^ ^ 9X<Dy yitT)V 5 ~^A£IIf4©T - TJP S ^©* 
*1 
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* r 5 ^ JH^- tc Kt L r 1:% -mm u ^ 5 a- tc r + 
^S^Ofc. -e©flL gflwjc* (5%) ?H^r©®7c# 
IftftSSSS 1 4 5 0 "CmifiRITBf Mfc^T 1 

ijfe^. tan, s5'j©M3*m=>. it^s 

fiSffiJiS; J; 9 T)l> 5 ~ &7um&Mffl%: 2 ffi©^- BW 
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